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PORCINE RETROVIRUS 



FTRST PREI.TMTNARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Prior to consideration of the above-referenced application, amend the application as 
follows: 

TN THE CLAIMS: 

Please cancel claims 6, 7 and 25 Avithout prejudice. 
Please amend the claims as foUov^s: 

1 . (Amended) An isolated polynucleotide fragment as shown in Figures L 2. 3 or 4, 
subsequence thereof or corresponding RNA sequenc e thereof: 

(a) encoding at least one porcine retrovirus (PoEV) expression product; 

(b) encoding a derivative of said expression product displaying a physiological 
[physiologically active] and/or immunological activity [immunogenic derivative] of 
said expression product as described in (bl) : or 

(c) which is complementary to a polynucleotide sequence as defined in (a) or (b). 

2. (Amended) An isolated polynucleotide fragment according to claim 1 : 

(a) encoding at least one polypeptide having an amino acid se quence which is shown 
in Figures 3 or 4 [the polymerase (POL) polypeptide]; 
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(b) encoding a [physiologically active and/or immunogenic] derivative of said at least 
one [a] polypeptide displaying a physiological and/or immunological activity 
substantially similar to the physiological and/or immunological activity of said 
expression product as described in (a); or 

(c) which is complementary to a polynucleotide sequence as defined in (a) or (b), 

3 . (Amended) An isolated polynucleotide fragment according to claim 1 ol2 : 

(a) encoding the polymerase (POL^ [virion core polypeptide (GAG) and/or envelope] 
polypeptide [(ENV)]; 

(b) encoding a [physiologically active and/or immunogenic] derivative [of a] 
polypeptide displaying a physiological and/or immunological activity substantially 
similar to the phvsiological and/or immunological activity of the polymerase (POL) 
as described in (a); or 

(c) which is complementary to a polynucleotide sequence as defined in (a) or (b). 

4. (Amended) An isolated polynucleotide fragment according to claim [1] 2: 

(a) encoding the virion core polypeptide (GAG)[, polymerase (POL) and] and/or 
envelope polypeptide (ENV); 

(b) encoding a [physiologically active and/or immunogenic] derivative [of a] 
polypeptide displaying a physiological and/or immunological activity of said virion 
core polypeptide (GAG) and/or envelope polypeptide (ENV) as described in (a); 
or 

(c) which is complementary to a polynucleotide sequence as defined in (a) or (b). 
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5, (Amended) An isolated polynucleotide fragment [according to any one of claims 1 to 4 
wherein the polynucleotide fragments is a deoxyribose nucleic acid (DNA) fragment] 
displaying at least 90% sequence identity with the sequence as shown in Figures 2 or 3 : 

(a) encoding the virion core polypeptide (GAG\ polymerase (V Ol^ and envelope 
polypeptide ^ENV^ of porcine retrovirus (PoEVV 

(b) encoding a derivative polypeptide displaying a physiological and/or immunological 
activity substantially similar to the phvsiological and/or immunological activity of 
said GAG POL and ENV polypeptides as described in f a^: or 

(c) which is complementarv to a polvnucleotide sequence as de fined in (a^ or (h). 

8. (Amended) A recombinant nucleic acid molecule comprising a polynucleotide fragment 
according to any one of claims 1 to [7] 5 . 

12. (Amended) A prokaryotic or eukaryotic host cell transformed by a polynucleotide 
fragment, recombinant nucleic acid molecule, or vector according to any of claims I to 5 
and 8 to IL 

13 . (Amended) A recombinant PoEV polypeptide [or derivative thereof displaying POL 
PoEV physiological and/or immunogenic] comprising an amino acid sequence as shown in 
Figure 3 displaying POL activity, 

14. (Amended) A recombinant PoEV polypeptide [or derivative thereof displaying GAG 
and/or ENV PoEV physiological and/or immunogenic activity] comprising an amino acid 
sequence with at least 95% sequence identity to the GAG amino acid sequence as shown 
in Figure 3 , 
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1 5 . (Amended) A recombinant PoEV polypeptide [or derivative thereof displaying GAG, 
POL and ENV PoEV physiological and/or immunogenic activity] comprising an amino 
acid sequence with at least 75% sequence identity to the ENY a mino acid sequence as 
shown in Figures 3 or 4 . 

16. (Amended) A recombinant PoEV polypeptide [according to any one of claims 13 to 15] 
comprising a sequence as shown in Figures 3 or 4, [or functionally active derivative 
thereof] or derivative polypeptide displaying a physiological and/or immu nological activity 
of the PoEV polypeptide . 

1 8 . (Amended) An anti-PoEV antibody or jQragment thereof [capable of binding to a 
polypeptide or fragment] raised against a polypeptide or derivative according to any one 
of claims 13 or 16. 

19. (Amended) A polynucleotide primer which is [PoEV specific] capable of specifically 
hybridizing to a PoEV polynucleotide fragment as shown in fig ures L 2. 3 or 4 and 
capable of initiating chain extension from the 3' end of the primer, but which is not able to 
correctly initiate chain extension from non PoEV sequences . 

20. (Amended) A polynucleotide probe which is capable of specifically [hybridising] 
Viyhrifliyin g under stringent conditions to a [PoEV] polynucleotide sequence as shown in 
Figures 1. 2. 3 or 4. but not to non PoEV sequences under stringent conditions . 
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21 . (Amended) A probe or a primer according to claims 19 or 20 which [has] have 

substantial nucleotide sequence identity with a strand of the molecule depicted in Figures 
1, 2, 3 or 4 or a strand complementary therewith, with a corresponding RNA molecule, or 
with a part of such a molecule. 

23. (Amended) TTqa nf a PnRV Rpedfic polynucleotide primer or probe according to any of 
claims 19 to 22 in the detection of PoEV in a sample. 

24. (Amended) Use of a PoEV specific polynucleotide [in a PGR] primer or primers 
according to either of claims 19 or 21 in a polymerase chain reaction for the detection of 
PoEV in a sample. 

26. (Amended) Cells, tissues or organs obtainable from a pig [accoding] according to claim 
[25] 33. 

27. (Amended) [Use of a] A recombinant PoEV polypeptide according to any one of claims 
13 to 16 for use in the preparation of a yaccine, 

28. (Amended) Use of an anti-PoEV antibody, [a] polynucleotide primer or probe according 
to any of claims 19 to 21 in the preparation of a detection kit capable of detecting the 
presence of PoEV nucleic acid in a sample. 

29. (Amended) [Use of a] A polynucleotide; polypeptide; antibody: cells, tissues or organs 
according to any one of claims 1 to [7] 5, 11 to 13. [to] 16 or 26 in therapy or diagnosis. 
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30. (Amended) Use of a [A] polynucleotide; polypeptide; antibody: cells, tissues or organs 
according to anyone of claims 1 to [7] 5, 13 to 16 or 26 in the preparation of a 
medicament for use in therapy or diagnosis. 

Please add the following claims: 

32. (New) Porcine embryos, embryonic stem cells or cells containing totipotential nuclei 
capable of forming a viable embryo which have been manipulated by use of a 
polynucleotide sequence derived from the polynucleotide sequence shown in Figures 1, 2, 
3 or 4 so as to substantially prevent or reduce infectious PoEV expression. 

33 . (New) A pig obtainable from the porcine embryos, embryonic stem cells or cells 
containing totipotential nuclei capable of forming a viable embryo according to claim 32. 

REMARKS 

In the present Amendment, Applicants have canceled claims 6, 7 and 25, have added 
claims 31 and 32, and amended claims 1-5, 8, 12-16, 18-21, 23-24, and 26-30. It is believed that 
these changes do not introduce any new matter into the claims. 

A check in the amount of $2220 is enclosed to cover the national filing fees, fees for extra 
claims, and fees for late fiUng of the Declaration and Oath. 
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Applicants do not believe that any additional fees are required. However, if any fees, 
including extensions of time are required, Applicants hereby petition for same and request that the 
extension or other fee required for timely consideration of this appUcation be charged to Deposit 
Account No. 06-1448. 



Foley, Hoag & EHot, LLP 
1 Post OflQce Square 
Boston, Massachusetts 02109 
Tel.: 617-832-1234 
Fax: 617-832-1000 



Patent Group 



Dated: October 19, 1998 
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?orcing Retroviriis 
The present invenHian reiat:es inter alia to porcine 
retrovirus (PoEV) fragments, in particular polynucleotide 
fragments encoding at least one porcine retrovirus expression 
product, a recombinant vector comprising at least one 
polynucleotide fragment, use of PoEV polynucleotide fragments in 
the detection of native porcine retrovirus, a hos* cell 
containing at least one PoEV polynucleotide fragment or a 
recombinant vector comprising at least one ?oEV polynucleotide 
fragment, PoEV polypeptides, antibodies i jimuno-react ive with PoEV 
polypeptides, pharmaceutical compositions comprising recombinant 
PoEV polypeptides for use as prophylactic and/or therapeutic 
agents and uses of PoEV polynucleotide fragments and/or 
polypeptides in medicine, including veterinary r.edicina and in 
the preparation of medicaments for use in nr.edicine, including 
veterinary medicine. 

Porcine retrovirus (PoEV) is an endogenous (genetically 
acquired) retrovirus isolated from pigs and expressed in cell 
lines derived from porcine material* There are no knovn 
pathogenic effects associated with the virus per se in its 
natural host although the virus appears to be associated with 
lymphomas in pigs and related viruses are associated with 
leukaemias and lymphomas in other species. The virus has been 
reported to infect cells from a variety of non-porcine origins 
and is, therefore, designated as a xenotropic, aiuphotropic or 
polytrophic virus (Liaber MM, Sherr CJ. Benveniste re and Todaro 
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GJ. 1975; strandstrom K, Verjalainen ?, Moening V, Hunsmann G, 
Schwarz H, and Schafar w. 1974; Todaro GJ, Benveniste RE, Lisber 
MM and Sharr CJ. 1974) . The observation chat the above viruses 
may have the potential to infect humans and have a pathogenic 
effect suggests that the issue of porcine retroviruses must be 
addressed in the contex- of xenotransplanting pig tissues or 
cells. Therefore, information on the properties of PoEV and the 
development of diagnostic reagents, molecular engineering tools 
and potential vaccina materials is of paramount importance for 
example in xenotransplantation technology and the lika. 

In is an objecr of the prasen- invention to obviate and/or 
mitigate against at least soma of tha above disadvantages. 

In one aspect the present invention provides an isolated 
PoEV poiynuclaotida fragment: 

(a) encoding at least one porci.-.a retrovirus (?oSV) 
expression produc-; 

(b) encoding a physiologically ac-ive and/or immunogenic 
derivative of said expression product; or 

(c) which is complementary to a polynucleotide sequanca as 
defined in (a) or (b) . 

Preferably, tha polynucleotide fragment encodes the gag gene 
(gag), polymerase gene (pol) and/or envelope (env) gene of PoEV. 
Thus, said expression produc- can be the virion core polypeptides 
(GAG) and polymerase (POL) and/or envelope (ENV) polypeptides of 
PoEV. Thus, the invention furuher provides a recombinant Po£V 
virion core, polymerase and/or envelope polypeptide. 

"Polynucleotide fragment" as used herein refers to a chain 
of nucleotides such as deoxyribose. nuclaic acid (DNA) and 
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-transcription produces thereof, such as RNA, Naturailly, ^he 
skilled addressee will appreciate the whole nanurally occurring 
PoEV genome is not included in the definiizion of polynucleotide 
fragment . 

The polynucleotide fragment can be isolated in nhe sense 
that it is substantially free of biological material with which 
the whole genome is normally associated in vivo. The isolacad 
polynucleotide fragment may be cloned to provide a recombinant 
molecule comprising the polynucleotide fragment. Thus, 
"polynucleotide fragment'* includes double and single stiranded 
DNA, RNA and polynucleotide sequences derived "hersfrora, for 
example, subsequences of said fragment and whicn are of any 
desirable length. Where a nucleic acid is single stranded uhan 
both a given strand and a sequence complementary zhere^io is 
within the scope of the present: invenrion. 

In general, ^he -arx. '*axpression produc"" refers ro borh 
"ranscr iption and translation products of said pclynucieotide 
fragments. When the expression product is a "polypep wide'' (i.e. 
a chain or sequence of amino acids displaying a biological and/or 
immunological activity substantially similar to the biological 
and/or immunological activity of PoEV virion core, polymerase 
and/or envelope proteiin) , it does no"C refer to a specific length 
of the product as such. Thus, the skilled addressee will 
appreciate tha" "polypeptide" encompasses inter alia oeptides, 
polypeptides and proteins of PoEV. The polypeptide if required, 
can be modified in vivo and in vitro, for example by 
glycosylation, amidation, carboxy lation , phosphorylation and/or 
post-translational cleavage. 
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Polynucleotiide fragments comprising poruions encampassing 
the PoEV genome, and derived from retrovirus particles released 
from a reverse transcriptase-positive porcine kidney cell line 
PK-15, have been molecuiariy cloned into a plasmid vector. This 
was achieved by synthesising cDKAs of PoSV RNA genomes which were 
recovered from porcine kidney cells expressing the endogenous 
virus. The cDNA. was cloned into a plasmid vector and the 
isolated PoEV DMA fragment determined (see Figures 1,2 and 3), 
The sequence of the sequence identified in Fi gure 1 was the 
earliest determined sequence, followed by "Che sequence in^Figure 
2 and lastly by the most recently revised sequence shown in 
Figure 3 , An additional study has been carried o\iz zo determine 
whether or not the human cell line "Raji" was susceptible -o 
infection with the PoEV present in porcine kidney cells (PK15) , 
A raji clone has now been obtained and the DNA sequence of its 
env cene recion has been determined (see Figure 4) * 

The DNA fragment of Figure 3 was shown to encode "hree open 
reading frames (ORFs) of 524, 1194 and 656 amino acids 
respectively , 

A comparison of the amino acid sequence agains* previously 
sequenced retroviruses from ouher species indicaxied uhat novel 
retrovirus cDNA had been cloned. Sequence analysis using the 
Lasergene software from DKASTAR Inc. showed that homologies were 
observed between the cloned PoEV DNA and the majority of 
retroviruses and uhat the closest homologies were to gibbon 
leukaemia virus (GaLV) in the polymerase (pol) and (env) regions 
of the pro-virus. 

The first open reading frame ORF of Figure 3 (nucleotides 583- 
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2162) is predicred to encode -he PoEV virion core polypeptide 
{qag gene), Ttie second ORF (nucleotides 2163-5747) is predict:ed 
to encode the PoEV polymerase polypeptide {col gene) . The third 
ORF (nucleotides 5620-7590) is predicted to encode the PoEV 
envelope polypeptide (env gene) . The skilled addressee win 
appreciate that it is possible to genetically manipulate the 
polynucleotide fragment or derivatives thereof, for exaraple to 
clone the gene by recombinant DMA techniques generally known in 
the art and to express the polypeptides encoded thereby in vitro 
and/or in vivo . DMA fragments having the polynucleotide sequence 
depicted in Figures 1,2,3 an d/ or 4 or DN'A/RMA derivatives 
thereof, may be used as a diagnostic tool or as a reagent for 
detecting PoEV nucleic acid in nucleic acids from donor animals 
or as a vaccine. 

Preferred fragments of this aspect of the invention are 
polynucleotide fragments encoding: (a) at: least one of the one 
to three polypeptides having an amino acid sequence which is 
shown in Figures 1,2,3 and/ or 4 (b) encoding a polypeptide which 
is a pdysiologically active and/or immunogenic derivative of at 
least one of the polypeptides defined in (a) ; or (c) which is 
complementary to a polynucleotide sequence as defined above; or 
polynucleotide fragments: (a) comprising at least one of the ORFs 
shown in Figures 1,2,3 and/or 4 or comprising a corresponding RNA 
sequence; (b) comprising a sequence having substantial nucleotide 
sequence identity with a sequence as described in (a) above; or 
(c) comprising a sequence which is complementary to a sequence 
as described in (a) or (b) above. It is to be understood that 
the term "substantial sequence identity'* is taken to mean at 
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least 50% (preferably at least 75%, at least 90%, or at least 
95%) sequence identity. 

The polynucleotide fragment of the present invention may be 
used to examine the expression and/or presence of the PoEV virus 
in donor animals and ceils, tissues or organs derived from the 
donor animals to see if they are suitable for xeno-cransplantation 
(i.e. PoEV free). In addition, the recipients of pig cells, 
tissues or organs can be examined for ^he presence and/ or 
expression of PoEV virus direciily or by co-culture or infection 
of susceptible detector calls, 

A polynucleotide f ragmen" of -che present: inventiion may be 
used to identify polynucleotide sequences vichin rhe PoEV genome 
which are PoEV specific (i.e, ic is not necessary for the 
cotnplere PoE"/ genome to be identified) • Such PoEV specific 
polynucleoTiide sequences may be used "o identi.fy PoEV nucleic 
acid in samples, such as transplan"ed cells, tissues or organs 
and may be included in a definitive uast for ?oEV, 

Thus, zhe present invenr.ion furtiher provides an isolated 
PoEV polynucleotide fragment capable of specifically hybridising 
to a PoEV polynucleotide sequence. In rhis manner, the present 
invention provides probes and/ or primers for use in v±\ro 
and/or in situ PoEV virus detection and expression studies. 
Typical detection studies include polymerase chain reaction {PCPO 
studies, hybridisation studies, or sequencing studies. In 
principle any PoEV specific polynucleotide sequence from the 
above identified PoEV sequence may be used in detection and/or 
expression studies , 

"Capable of specifically hybridising" is taken to mean that 



wo 97/40167 PCT/GB97/01087 

7 

said polynucleotide fragment preferably hybridises to a PoEV 
polynucleotide sequence in preference to polynucieocide sequences 
of other virus, animal (especially porcine or human sequences) 
and/or other species. In a preferment the PoEV fragment 
specifically binds to a native PoEV polynucleotide sequence or 
a part thereof. 

The invention includes polynucleotide sequence (s) which are 
capable of specifically hybridising to a PoEV polynucleotide 
sequence or to a part thereof withou- necessarily being 
completely complementary to said PoEV polynucleotide sequence or 
fragmenTi thereof. For example, there may be ac leas* 50% 
preferably at leasz 75%, mosc preferably az leas" 90% or a- leasz 
9 5% complementarity. Of course, in some cases the sequences mav 
be exactly complementary (10 0% complementary) or nearly so (e»g, 
there may be less than 10, preferably less than 5 mismatches). 
'Thus. "ha present invention also provides anti-sense or 
complementary nucleotide sequence (s) which is/are capable of 
specifically hybridising to the disclosed DNA sequence, if a 
PoEV specific polynucleotide is to be used as a primer in PGR 
and/or sequencing studies, the polynucleotide must be capable of 
hybridising to PoEV nucleic acid and capable of initiating chain 
extension from 3' end of the polynucleotide, but not able to 
correctly initiate chain extension from non PoEV seauences 
(especially from hum.an, or non-PoEV porcine sequences) , 

If a PoEV specific test polynucleotide sequence is to be 
used in hybridisation studies, to test for the presence of PoEV 
nucleic acid in a sample, the test polynucleotide should 
preferably remain hybridised to a sample polynucleotide under 
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Stringent conditions. If desired, either the test or sample 
polynucleotide may be immobilised. Generally the tesr 

polynucleotide sequence is at least 10 or at leas^: 50 bases in 
length. It may be labelled by suitable techniques known in the 
art. Preferably the test polynucleo-cide sequence is at least 200 
bases in length and may even be several kilobases in length. 
Thus, either a denatured sample or test sequence can be first 
bound to a support. Hybridization can be effected at a 
temperature of between 5 0 and 70 ''C in double strength SSC (2xNaCl 
17,5g/i and sodium citrate (SC) at 3,3g/l) buffered saline 
containing 0,1% sodium dodecyl sulphate (SDS). This can be 
followed by rinsing of che support: ati che same rempera-ure but. 
with a buffer having a reduced SSC concentration. Depending upon 
the degree of stringency required, and thus the degree of 
similari-y of the sequences, such reduced concan-ration buffers 
are -ypically single s-reng-h SSC containing 0,1%3DS, half 
^■^-^^g"h SSC con-ainxng 0 , 1%S0S and one tien-ch Swreng-:ih SSC 
aming 0,1%SDS. Sequences having the greares" degree of 
ilarity are uhose the hybridisation of which is least affected 
by washing in buffers of reduced concenrra uion , l- is mosu 
preferred thar the sample and inventive sequences are so similar 
that the hybridisation between chem is substantially unaffected 
by washing or incuba-ion in one cenuh strength sodium citrate 
buffer containing 0,1%SDS. 

PoEV specific oligonucleotides may be designed to 
specifically hybridise to PoEV nucleic acid. They may be 
synthesised, by known techniques and used as primers in PCR or 
sequencing reactions or as probes in hybridisations designed to 
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detscTi Hhe presence of PoEV material in a sample. The 
oligonucleotides may be labelled by suitable labels known in the 
art, such as, radioacnive labels, chemiiuminescent labels or 
fluorescent labels and the like. Thus, the present invention 
also provides PoEV specific oligonucleotide probes and primers. 

The term "oligonucleotide" is nor meant to indicace any 
particular lengtih of sequence and encompasses nucleosides of 
preferably at least lOb (e.g. lOb z.o Ikb) in leng^ih, more 
preferably I2b-500b in length and most preferably I5b to lOOb. 

The PoEV specific oligonucleo uides may be determined from 
the PoEV sequences shown in Figure 1 and may be manufactured 
according to known techniques. They may have substantial 
sequence identity (e.g. at leasu 50%, ax: laasz 75%, au least 90% 
or at least 95% sequence idencity} with one of rhe srrands shown 
therein or an RNA equivalen-c, or wirh a parr of such a srrand. 
Preferably such a parr is ar leasr 10, ar least 30, ar leasr 50 
or ar least 200 bases long. Ic may be an ORF or a parr rhereof , 
Oligonucleotides which are generally greater than 3 0 bases 
m length should preferably remain hybridised to a samole 
polynucleotide under one or more of the stringenr conditions 
menrioned above. Oligonucleotides which are generally less rhan 
30 bases in lengrh should also preferably remain hybridised ro 
a sample polynucleotide bur under differenr condirions of high 
stringency. Typically rhe melting remperarure of an 

oligonucleotide less than 30 bases may be calculated according 
to the formula of; 2^C for every A or T, plus 4^C for every G or 
C, minus 5^c. Hybridisation may take place at or around the 
calculated melting temperarure for any parricular 
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oligonucleotide, in 6 x SSC and 1% SDS. Non specifically 
hybridised oligonucleotides may then be removed by stringen"C 
washing, for example in 3 x SSC and 0,1% SDS at the same 
Tiemperature , Only substantially similar matched sequences remain 
hybridised i.e. said oligonucleotide and corresponding PoEV 
nucleic acid. 

When oligonucleotides of generally less than 3 0 bases in 
length are used in sequencing and/or ?CR studies, tihe melting 
temperature may be calculated in the same manner as described 
above. The oligonucleotide may then be allowed to anneal or 
hybridisa a* a temperature around the oligonucleotides calculated 
melting temperature. In the case of PC?, studies the annealing 
temperature should be around the lower of the calculated melting 
temperatures for the two priming oligonucleotides. It is to be 
appreciated that the conditions and melting temperature 
calculations are provided by way of example only and are not 
intended to be limiting. It is possible through the experience 
of the experimenter to vary the conditions of hybridisation and 
thus anneal/hybridise oligonucleotides at temperatures above 
their calculated melting temperature. Indeed this can be 
desirable in preventing so-called non-specific hybridisation from 
occurring. 

It is possible when conducting PGR studies to predict an 
expected size or sizes of PGR product (s) obtainable using an 
appropriate combination of two or more ?oEV oligonucleotides, 
based on where they would hybridise to the sequence in Figure 1. 
If, on conducting such a PGR on a sample of PoEV DMA, a fragment 
of the predicted size is obtained, then this is predictive tihat 
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the DKA is PoEV, 

The prasent invention also encompasses PoEV detraction kirs 
including at least one oligonucleotide which is PoEV specific, 
as well as any necessary reaction reagents, washing reagents, 
detection reagents ^ signal producing agents and the like for use 
in the test formats outlined above. 

In a further aspect there is also provided use of a PoEV 
specific polynucleotide in the detection of PoEV in a sample. 

In a yet further aspect there is provided use of a PoEV 
specific polynucleotide in a PCR for the detaccion of PoEV in a 
sample . 

The skilled addressee will appreciate how polynucleotide 
fragments may be designed and used as pr imers/prooes in 
polymerase chain reaction (PGR) experiments or Southern analysis 
{i-e, hybridisation studies) for deceCwing the presence or 
otherwise of PoEV polynucleccide in "he nucleic acid of oigs or 
in cell, tissue or organ samples uaken from pigs (e.g. from 
potential transplant organs such as liver, kidney and heart) 
Such cells, tissues or organs can be derived from transgenic 
animals produced as described in EP-A-0493352 , or by other means 
known in the art. Thus the cells, tissues or organs of 
transgenic pigs can be associated with one or more homologous 
complement restriction facrors active in humans "o prevent:/ reduce 
acrivation of complemenTi, 

Furthermore the polynucleotide fragments of the present 
invention can be used to axnalyze the genetic organisation of 
endogenous PoEV located in the animal cell genome in pigs thus 
permitting the screening of herds of pigs for altered provirus 
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and genomic loci (e.g. non-axpressad provirus loci). Such a 
screening method would facilitate, for example, screening in a 
population of animals which are bred to lack expressed provirus 
and genomic loci and/or loci that do not encode infecrious virus 
particles* 

Reagenrs may also be developed from said polynucleotide 
fragmanrs as aids to develop pigs that do nor express an 
infecrious, PoEV capable of infecring humans. Such pigs could 
still contain partial defective genomes thar could result in the 
expression of non-infectious particles, viral proteixns or viral 
mRNA, Alternatively, it may be possible ro use constructs 
derived from the Po£V polynucleoride sequence to acr as 
insert ional mutagens to knockout the productive infectious PoEV 
in embryos, embryonic stem cells, or cells containing 
rotipotiential nuclei capable of forming a viable embrvo . Thus 
gag, pel and/or. anv gene "knockouts" may be constructed ro allow 
development: c f breeding programmes in p igs whereby endogenous 
PoEV is substantially prevented or reduced. For example the 
nucleotide sequence of PoEV can be manipulated e,g. by deletion 
of a coding sequence in vitro and the resulting construct used 
to replace the natural PoEV sequence by recombination. Thus, the 
proviral genome can be rendered inactive in the porcine cells. 
The knockouts can be manipulated into embryos and/or stem cells 
and if required manipulated nuclei can be transferred from target 
cells to germ cells using micromanipulation techniques well known 
in the art. The invention also extends to animals derived from 
such germ cells. 

Thus, transgenic pigs may be produced containing anti-sense 
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constructs and/or ribozyroe constructs capable of downregulating 
the expression of viral proteins, or transgenic pigs exprassinc 
a single chain imntunoglobulin molecule with specificity for Poev 
proteins or other protein tha^i might incerfera with protein 
synthesis or viral assembly may also be produced. Siuiila^ 
transganes encoding trans-dominant negative regulators of Posr/ 
expression or transgenes encoding competativa defective "genoraic 
RNAs" may be used to reduce or elimina-a the product:ion of 
infectious virions. The generation of reagents to suppress the 
expression of native PoEV loci in pigs, such as, by generation 
of antisanse nuclaic acids (a.g. antisansa uiR.M.\3) , ribozymas or 
ozher antiviral reagan-s may also be developed. 

The polynucleotide fragmenu can be molecularly cloned into 
a prokaryotic or eukaryocic expression vac-or using standard 
techniques and administered to a has-. The expression vector is 
taken up by calls and "ha polynucleotide fragmen" cf intarast 
expressed, produci.-ig pro-ain. ?rasan-a-ion of rha protein on 
cell surface stimulates tha host immune system to produce 
antibodies immunoraactiva with said protein as parz of a defence 
mechanism. Thus, expressed protein may ba used as a vaccina. 

Inactivated vaccinas can ba produced from PoEV's or cells 
releasing PoEV. such infected calls may be generated by natural 
inrectxon or by cransf action of a proviral clone of ?oEV. l-c 
will be understood that a proviral clone is a molecular clone 
encoding on at least one antigenic polypeptide of PoEV. After 
harvesting the virus and/or the infected calls, viruses or 
infected cells present can be inactivated for example, with 
formaldehyde, gluteraldahyde, acety lathy lenimine or other 
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suitable agent or process to generate an inactivated vaccine 
using methods commonly employed in the art. (CVMP Working Party 
on Immunological Veterinary Medicinal Products (1993). General 
requirements for the producnion and control of inactivated 
mammalian bacterial and viral vaccines for ve-cerinary use) . Sub 
unit vaccines may be prepared from the individual proteins 
encoded by the gag, pol and env genes. Typically a vaccine would 
contain anv gene produces either alone or in combination with gag 
genes produced by expression in bacteria, yeast or mammlian cell 
systems. 

Proviral clones of ?oEV can be engineered to develop single 
cycle or replication defec-ive viral vectors suitable for 
vaccination using techniques. Such viral vectors known in the 
art (e.g. MuLV Murine Leukaemia Retrovirus, Adenovirus and 
Herpesviruses (.^s^ndarson wT. (1992) . Human Gene Therapy. Science 
256, 303-313) may have one or mere ge.nes assa.-zial for 
replication deleted, with the missixng gene function expressed 
constitutively or conditionally from a further, different 
construct which is integrated into the chromosomal DNk of a 
complementing cell line to the proviral PoEV clone. PoSV virions 
released from the cell line may infect secondary target cells in 
the vaccinee but not produce further infectious virus particles. 
For instance, the polynucleotide sequence sncodi.ng the reverse 
transcriptase domain of pol can be deleted from the proviral PoEV 
clone and the reverse transcriptase domain of pol integrated into 
the complementing cell line. 

It will be understood that the polynucleotides; 
polypeptides; PoEV free calls, tissues and/or organs encompassed 
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by the present invention could be used, in therapy, diagnosis, 
and/or methods of treatment. The polynucLeotides ; polypeptides; 
PoEV free cells, tissues and/ or organs encompassed by the present 
invention can also be used in the preparation of medicaments for 
use in therapy or diagnosis . 

The cloning and expression of a recombinant: ?oSV 
polynucleotide fragment also facilitates in producing anri-PoEV 
antibodies and fragments thereof (particularly monoclonal 
antibodies) and evaluation of in vitro and in vivo biological 
activity of recombinant PoEV polymerase and/or envelope 
polypeptides. The antibodies may be employed in diagnosuic tests 
for native PoEV virus* 

It will be understood that for the particular PoEV 
polypeptides embraced herein, natural variations can exist 
between individuals or between members of the family Suidae (i.e, 
the pig family) . These variations may be demonstrated by (an) 
amino acid dif f erance(3) in the overall sequence or by deletions, 
substitutions, insertions, inversions or additions of (an) amino 
acid{s) in said sequence. All such derivatives showing active 
polymerase and/or envelope polypeptide physiological and/or 
immunological activity are included within the scope of the 
invention. For example, for the purpose of the present invention 
conservative replacements may be m*ada between amino acids within 
the following groups: 

(1} Alanine, serine, threonine; 

(II) Glutamic acid and aspartic acid; 

(III) Arginine and leucine; 

(IV) Asparagine and glutamine; 
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(V) Isoleucine, leucine and valine; 

(VI) Phenylalanine, tyrosine and tiryptophan 

Moreover, recombinant DNA technology may be used to prepare 
nucleic acid sequences encoding the various derivatives outlined 
above - 

As is well known in the art, the degeneracy of the genetic 
code permits substitution of bases in a codon resulting in a 
different codon which is still capable of coding for the same 
amino acid, e.g. the codon for amino acid glutamic acid is both 
GAT and GAA, Consequently, iu is clear that for the expression 
of polypeptides with -he amino acid sequences shown in Figure 1 
or fragments thereof, use can be made of a derivative nucleic 
acid sequence with such an alternative codon composition 
different from the nucleic acid sequence shown in said Figure l. 

Furthermore, fragments derived from che ?o£V core, 
polymerase and/or envelope polypeptides as depicted in Figure 3, 
which still display PoEV virus core polypeptide, polymerase 
and/or envelope polypeptide properties, or fragments derived from 
the nucleic acid sequence encoding the virus core polypeptides, 
polymerase and/ or envelope polypeptides or derived from the 
nucleotide sequence depicted in Figures 1,2,3 and/or 4sncoding 
fragments of said virus core polypeptide, polymerase and/or 
envelope polypeptides are also included of the present invention. 
Nacurally, nhe skilled addressee will appreciate within the ambit 
that the said fragments should substantially retain the 
physiological and/or immunological properties of the GAG, POL 
and/or ENV polypeptides, 

The PoEV polynucleotide fragment of the present invention 
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is prafarably linked to ragulatory contirQl sequences. Such 
control sequences may comprise promoters, operators, inducers, 
enhancers, ribosome binding sites / teriainators etc. Suitable 
control sequences for a given host may be selected by those of 
ordinary skill in the art. 

A polynucleotide f ragmenu according to the present invention 
can be ligated to various expression conurolling sequences, 
resulting in a so called recombinant nucleic acid molecule. 
Thus, the present invention also includes an expression vector 
containing an expressible PoEV nucleic acid molecule. The 
recombinant PoEV nucleic acid molecule can -hen be used for the 
transformation of a suitable host. Such hybrid molecules are 
preferably derived from, for example, plasmids or' from nucleic 
acid sequences present in bacteriophages or viruses and are 
termed vector molecules. 

Specific vectors which can be used "co clone nucleic acid 
sequences according zo zha invention are knou-n in the ar- (e,g, 
Rodriguez, R,L, and Denhadt, D.T., Edit,, Vectors: a survey of 
molecular cloning vectors and their uses, Butt erworths , 1933), 
The methods to be used for the construcTiion of a recombinant 
nucleic acid molecule according to the invention are known to 
those of ordinary skill in the art and are inter alia set forth 
in Sambrook, et ai . (Molecular Cloning: a laboratory manual Cold 
Spring Harbour Laboratory, 1939) . 

The present invention also relates to a transformed cell 
containing the PoEV polynucleotide fragment in an expressible 
form. "Transformation", as used herein ; refers to the 
introduction of a heterologous polynucleotide fragment into a 
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host call. The method used may be any known in the ar-c, for 
example, direct uptake, transfection transduction or electro 
poration (Current Protocols in Kolecular Biology, 1995, John 
Wiley and Sons Inc) , The heterologous polynucleotide fragment 
may be mainrained through autonomous replication or 
alternatively, may be integrated inro the hosw genome. The 
recombinant nucleic acid molecules preferably are provided with 
appropriate control sequences compatible with the designated host 
which can regulate the expression of the inserted polynucleotide 
fragment, e.g. tetracycline responsive promoter, thymidine kinase 
promoter, sv-40 promoter and the like. 

Sui-able hosts for che expression of recombinant nucleic 
acid molecules may be prokaryotic or eukaryotic in origin. Hosts 
suitable for the expression of recombinant nucleic acid molecules 
may be selected from bacteria, yeasz, insect ceils and mammalian 
cells , 

Since tzhe biological half life and the degree of 
glycosylation of recombinant PoEV virus core polypeptide, 
polymerase and/or envelope polypeptides may be important for use 
in ^ivo, yeast and baculovirus systems, in which a greater degree 
of processing and glycosylation occur, are preferred. The yeast 
strain Plchla Paszoris exhibits potential for high level 
expression of recombinant proteins (Clare et al., 1991). The 
baculovirus system has been used successfully in the produc^iion 
of type 1 interferons (Smith et al,, 1933). 

Embodiments of aspects of the present invention will now be 
described by way of example only which are not intended to be 
limiting thereof. 
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Examples Section 



Preparation of viral UNA 

500ml of supernatant derived from exponeatiaiiy growing oorcine 
kidney cells (PK-13, American Type Culture Collection CCL 33) was 
clarified by centrif ugat ion of approximately ll,000xg for 10 
minutes. Virus was pelleted from the clarified supernatant by 
centrifugation at approximately l0O,O00xg for 60 minutes. The 
supernatant was discarded and the viral pellet retained for the 
preparation of viral RNA genomes. RNA was prepared from the 
virus pellet using a Dynabeads (registered tirade mark) mRKA 
Direct kit according to the manufacturer's protocols; A PoEV 
virus pellet was resuspended in SOC.z^l oz TNE ( lOmi^, Tris HCl 
pKo.O, 0,1M NaCl,lmM EDTA) and rhe virions disrupted by izhe 
addition of 2ml of lysis/ binding buffer. Dynabeads 01igo(dT).5 
were conditioned according to the manufacturer's instructions and 
added to the virus disrupted solution. Viral RNA was allowed to 
bind to the Dynabead for 10 minuties before che supernatant was 
removed and the bound RNA was washed three times with washing 
buffer with LiDS (0.5ml) and twice with washing buffer alone. 
The PJTA was finally resuspended in 25 ^1 of elution solution. 
All procedures were performed at ambient temperature. RNase 
contamination was avoided by rhe wearing of gloves, observacion 
of sterile technique and rreatmenr of solutions and non- 
disposable glass and plasticware with diethyl pyrocarbonate 
(DEPC) . The RNA was resuspended in DEPC- treated sterile water. 
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Example 2 
Syntliesis of cDNA 

cDNA was synthesised from the purified genomic RNA using Great 
Lengths ™ cDNA amplification reverse transcriptase reagents 
(Clontech Laboratories IncO following the manufacturer's 
instructions. The RKA was primed with both oligo(dT) and random 
hexamers to maximise synthesis. 

The Great Lengths cDNA synthesis protocol is based on a modified 
Gubler and Hoffman (198 3) protocol for generating complementary 
DNA libraries and essentially consists of first-strand synthesis, 
seoond strand synthesis, adaptor ligation, and size 
f ractionaction . 

First strand synthesis: locK-docking primers anneal to the 
beginning of the poly- A rail of the RNA due to the presence of 
A, C or a residue at the 3^-end of the primer. This increases 
the efficiency of cDNA synthesis of eliminating unnecessary 
reverse transcription of long stretches of poly-A. In addition, 
the reverse transcriptase used is MMLV (RNase K") which gives 
consistently better yields than do wild-type MMLV or AMV reverse 
transcriptase , 

Second .strand synthesis: the ratio of DiMA polymerase I for 
RNase H has been optimised to increase the efficiency of the 
second strand synthesis and to minimize priming by hair pin loop 
formation. Following secoond-strand synthesis, the ds cDNA is 
treated with T4 DNA polymerase to create blunt ends. 
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Adaptor ligation: the cDMA is iigatad to a specially 
designed adaptor that has a pre-existing EcoRI "sticky end". The 
use of this adaptor, insnead of a linker, elirainates the need to 
methylate and the EcoRI - digest the cDNA, and thus leaves 
internal EcoRI, sites intact. The adaptor is 3'-phosphorylated 
at the blunt end to allow efficient ligacicn to uhe blunt-ended 
cDNA. 

Size fractionation: the ds cDNA is phosphorylated at the 
EcoRI sites and size-fractionated to remove unligated adaptors 
and unincorporated nucleotides. The resulting cDMA is ready for 
cloning into a suitable EcoRI-digested vector. 

Example 3 

Holecular cloning of cDNA 

The size fractionated fragment: was ligaced with EcoR I- digested 
pZErO™ -1 plasinid vector- OMA (Invicrocan Corporation, San 
Diego, U.S.}- The ligation aix was used zo *ransfor:r* compezenr 
TOPIOF' cells and these were plated onto L-Agar containing zeocin 
following the manufacturer's instructions (Zero Background™ 
cloning kit - Invitrogen} * Several of the resulting zeocin 
resistant colonies were amplified in L-3rOwh containing zeocin 
and the plasmid DNA was purified by alkaline lysis (Maniatis et 
al , , 1932) . 

The plasmid DNA was digested to completion with the 
endonuclease EcoR I and the resulting DNA fragments were 
separated by electrophoresis through an 1,0% agarose gel 
{Maniatis et al . , 1982) , in order to check that a fragment in the 



wo 97/40167 PCT/GB97/01087 

22 

predicted size f ractionai:ed size range had been cloned. A clone 
identified as pPoEV was used in further experimentation. 
Example 4 

DNA sequence analysis* 

pPoEV plasmid DNA was purified according to common techniques 
(Sambrook et al, 1939) and sequenced using an A3I automated 
sequencer- Overlapping sequencing primers from both strands of 
the molecular clone were used to determine rhe nucleotide 
sequence. 

The first sequence obtained is shown in Figure i. This 
sequence was identified as encoding two ORFs of 924 (nuclecuides 
23-2793) and 213 (nucleotides 2642-3297) amino acids, relating 
to the poi and anv genes respectively. This sequence was revised 
and updated to the second sequence as shown in Figure 2, This 
second sequence was identified as encoding three ORFs of 315 
(nucleci:ides 575-2125), 1186 (nucleouides 2143-5733) and 656 
(nucleotides 5606-7575) amino acids, encoding rhe ?oEV cag, pal 
and env genes respectively. This second sequence has since been 
revised and updated to the sequnce shown in Figure 3 • This third 
sequence was identified as encoding three ORFs of 524 
(nucleotides 588-2162) , 1194 (nucleotides -2163-5747) and 656 
(nucleotides 5620-7590) amino acids, encoding uhe PoEV gag, pal 
and env genes respectively - 

The differences in tihe disclosed seqeunces is reflected by 
improvements in carrying out and analysing the sequence obtained. 
However, there is 100% identity at the nucleic acid level, 
between positions 21-2681 of the first sequence and positions 
2972-5653 of the third sequence. Overall there is a 70.5% 
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identity in the entire 3 310 bp of the first sequence with a 
corresponding portion of the third sequence. 

There are only 3 base changes between the second sequence 
and the third sequence. These are as follows: 
base no. (from Figure 2) chance 
2121 insertion of a "G" 

2157 insertion of a "G'» 

5902 "R" to an "A" 

7700 "M" to an "A" 

The changes at base nos. 5902 and 7700 do no- effec-:: the 
corresponding amino acid sequence. riowever, the changes at 
positions 2121 and 2157 alter the amino acid sequence aTi the end 
of GAG and the begining of POL. For GAG the final ar^ino acid "S" 
have now been replaced by "VLALSEDKD" . The total product size 
is now 524 amino acids. For ?OL, the firs" fiva ainino acids 
"RLGET" have been deleted and replaced by "GRR" . The cotal 
product size is now 1134 amino acids. 

Similarities were observed between pPoEV and the inajorit:y 
of retroviruses determined by using alogrithims from DNA3TAR Inc. 
Lasergene software (DNASTAR) . The similar i"ies were closest with 
gibbon ape leukaemia virus (GaLV) in whe polymerase (pol) 
regions of the pro-virus az 53.5%, in the virus core (gs-g) 
region, 59.2% and in the envelope (env) region, 39,3% The 
nucleotide sequence a.nd major ORFs of rhe pPoEV insert: are shown 
in Figure 3. The largest: ORF (nucleotides 2163-3747) encodes the 
polymerase polypeptide and the smaller ORFs (nucleotides 533-2162 
and 5620-7590) encode the core and envelope polypeptides 
respectively . 
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Example 5 

Purification of cellular DNA from cultured cells, tissues ancl 
blood. 

cultured cells 

Cells were maintained in culture and approximately 5 x 10*^ cells 
were harvested for DNA preparation. The cells were peilered by 
centrifugation resuspended in phosphace-buf f ered saline, 
re-centrif uged at lOOOg for 2 minuses and the supernatant was 
discarded. 

Porcine tissues 

Porcine tissue samples were frozen in liquid nitrogen and 
powdered by grinding in a morrar or betiween metal foil. The 
samples were resuspended in 5ml of extraction buffer consisting 
of 0,025;^ EDTA (pK 3,0), O.QlMTris.Cl pH 8.0, 0.5% SDS 20ug/ml 
P>NAse and 100|ag/ml proteinase K (Maniacis ez al . , 1932)- 

Porcine blood 

A buffy coat was prepared from the blood samples, 20mi samples 
were cenrrifuged at lOOOg for 15 minutes. The buffy coat was 
resuspended in buffer and the samples cen-rifuged at lOOOg for 
15 minutes. The process was repealed one further time. The 
sample was mixed with 5ml (3x volume) of ex'cracrion buffer 
(Maniatis et al , , 19S2) , 

Purification 

The samples (i,e, cultured cells, porcine tissue or porcine blood 
cells) in proteinase K-extracrion buffer containing 20(Ltg/ml RNAse 
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and lOOug/ml proteinase K were digesHeci for approjcimanely 2 4 
hours at 37*^0, The deproteinised DNA was exrractsd twice with 
phenol and twice with phenol chloroform and finally precipitated 
by ethanol in the presence of ammonium acetate. The DNA was 
recovered by centrif ugation at 3aoOg for 3 0 minutes and the 
supernatant discarded (Maniatis et ai . , 1932). The pellet was 
washed in 70% ethanol and allowed to air dry for approximately 
1 hour. The DNA was allowed to re-dissolve in Tris EDTA (TE) 
buffer and the purity and concentration of the DNA was assessed 
by spectrophotometry tManiatis et al , , 1932), 

Sxamole 6 

Southern blot analysis of porcine tissue and cells 
In order to demonstrate that the molecularly cloned DNA 
comprising the insert from ?oEV was derived from the PK-15 cell 
line (American Type Cul-ure Collec-rion CCL33;, -he DNA was 
hybridised against cellular DMAs and its ability -o detect 
proviral DNA was examined. 

DNA purified from pPoEV was radioacr ively labelled and used to 
probe a Southern blot of endonuclease digested DNAs derived from 
PK-i3 cells . 

The DNAs probed were as follows : 

a) Copy number controls of pPoEV DNA linearized by digestion 
with EcoRI. One copy per haploid cell genome was estimated 
to be 6.34pg, The control was present at an estimated copy 
number of l/ 5 and 10 copies. 

b) PK-15 DNA. 

c) Negative control HeLa (American Type Culture Collection 
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CCL2) DMA derived from a huician adenocarcinoma call line 
harbouring human papillomavirus type 13 DNA- 
d) Negative contirol SP20 ( European Colleccion of Animal Cell 
Cultures 85072401) DMA derived from a murine myeloma cell 
line harbouring a xenotropic MuLV retrovirus, 

A hybridisation signal was observed in only the PK-15 porcine 
DNA. No signal was de-cected in eicher the negative human or 
murine DMAs. The PK-15 DMA contained more than 10 copies per 
cell with an estimated copy number of 20. The sizes of ^he 
three major EcoRI- endonuclease digested DNA fragments were 
approximately 3.3k:b, l.akb and 0 , 6kb , The sizes of relevant 
fragments detected in the recombinant pPoEV were comparable. 

There are , as expected , a number of fragments cormon to "he 
genomic DNA of PK-15 and pPoEV DMA and there is agreement 
between the patterns observed in both DMAs digested with Xhol, 
BaitiHI and Hindlll. However, there are additional fragments 
Obtained on digestion of pPoEV DNA by a number of endonucleases , 

pPoEV sequences were also detected in swine testes (American Type 
Culture Collection CRL 1746) and primary porcine kidney cells 
(Central Veterinary Laboratory batch C0449 5) but not in hamster 
CHOKl (American Type Culture Collection CCL61) or murine MSG 
myeloma cells (European Collection of Animal Cell Cultures 
35110503) . 
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In order to demonstrate that the molecularly cloned Dna 
comprising the insert front pPoEV could detect sequences in 
porcine cells and tissues in addition z,o PK-i5 the pPoEV DNA was 
hybridised against cellular DNA from tissues derived from pigs 
and ics abiliry to detect proviral DNA was examined (Maniauis et 
al . , 1932) . 

The DNA purified from pPoEV was radioacuiveiy labelled and used 
to probe a Southern blot: of endonuclease digested DNAs derived 
from pig organs including liver, kidney, heart and blood. 

The DNAs probed were as follows : 

a) Copy number con^irols of pPoEV DNA linearized by digestion 
with EcoRI , One copy per haploid call genome was estima-ced 
uo be 6-34pg. The concrol was present: at: an es-ixiared cooy 
number of 5,10, 2 0 and 50 copies. 

b) DNA purified from the porcine tissues digested witih 
EcoRI . 



A hybridisation signal was observed in all -che oorcine 



DNAs. 



The DNAs contained less rhan 5 copies per cell. There were 
approximately eight distinct, bands in each DNA. The sizes of 
the three major endonuclease digested DNA fragments were 
approximately 3,8kb, 1.3kb and 0.6kb. 
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Kxamola 7 

Polymerase Chain Reaction (PGR) Amplifications 
Oligonucleotides were selected from the PoEV genome. 

The upstream primer was 5 ' -GGA AGT GGA CTT CAC TGA G-3 ' . 

The downstream primer was 5 ' -CTT TCC ACC CCG AAT CGG -3^. 

The PGR was performed as described by Saiki et al (1937) . One 
1^1 of lOOng/jLtl template DMA was added to a 49^1 reaction mixture 
containing 200aM of dAT? , dCT? , dGT? , dTTP , 3 0pmol of both 
primers from the pair described above, lunic of DMA polymerase 
and 5^1 of reaction buffer- The reaccicn buffer contained 200iciK 
Tris--HCl pK 8-4, SOOmM potassium chloride and 13mM magnesium 
chloride, ultrapure water- The solution was overlaid with two 
drops of mineral oil to preven* evaporation. Thirty five cycles 
of amplification were performed using a Perkin Elmer Cetus 
thermal cycler, Each cycle cons is wed of 1 minu-ce, at 9 5*^c to 
denature the DKA, 1 minute, ac 5 3^C to anneal the primers ro the 
template and 1 minutie, ac 72^'C for primer extension. After the 
last cycle a further incubation for 10 minutes, at 72^C was 
performed to allow ex-cension of any partially completed product. 
On completion of the amplification, 10,al of t:he reaction mixture 
was electrophoresed rhrough a 5 per cen-c acrylamide gel, -The DNA 
was visualised by staining with ethidium bromide and exposure to 
ultraviolet light (32Qnm) . 
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The PGR reaction amplified a sequence of approximately 737bp 
from pPoEV and from porcine cells as expected indicating that the 
assay detected the PoEV proviral DMA. There was no specific 
amplification of the expected sequence in cells of non-porcine 
origin and therefore, the PGR reaction and recombinant clone can 
be used as a specific and sensitive diagnostic rod for deuection 
of PoEV, 

Two further digonucleotides were designed against the 3 'end 
of the pol gene and s' end of rhe qaq gene respectively. 

The 3^^ pol oligionucleocide was 5' -GAT GGG TGT GCT GCG CTT TG-3' 

The 5' gag oligionucleotide was 5'-GGA TGG AGG GGA AGG TTA AGG-3 ' 

The above oligionucleotide were also used in in PGR reactions 
according ro the condiricns described above, wich -he exceptions 
chac rne annealing t:empera::ure was 53 and 3 0 cycles of 
replication were carried out. The pgr reaction amplified a 
sequence of approximately 4 68bp from pPoEV and from porine cells. 

Example 8 

Production of PoSV polypeptide in EschBrichia coll. 
The open reading frame (ORE) encoding rhe pol pepride was 
isolated from the pPoEV clone and molecularly cloned into the 
plasmid pGEX"4T-l (Pharmacia Ltd.) for expression. 

Two ml cultures of E. coll transformed wich various expression 
constructs were grown with shaking at 37 ^G to late log phase 
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{O.D.^,, of 0.6) and induced by the addition of IPTG to 0,1 mM. 
Induced cultures were then incubated for a further 2 hours after 
which the bacteria were collected by centrif ugation . The 
bacterial pellet was lysed by boiling in SDS-PAGE sample buffer 
and the protein profile of the induced bacteria was analysed on 
a 12% acrylamide gel (Laeminli, 1970) followed by s^iaining with 
coomassie brilliant blue dye. 

Example 9 

Isolation and partial sequencing of Ra il clone 

The aim of the Suudy was uo detieruiine whether uhe human cell line 
"Raji" was susceptible to infection with the PoEV present in 
porcine Icidney cells (PK15) . In order to test the capacity of the 
virus for xenouropism, PK15 cells were co-cultured wi-h the 3 
l^/mphoblasuoid (Raji) cell line over 20 passages. 

The culture system utilised direcu culture and transwells, which 
separated the human and porcine cells, but permitted viruses to 
pass through the separating membrane. Aftier every fifth passage, 
supernatant:s from the human cell lines are tested for the 
presence of retrovirus by reverse rranscr ip^ase assay. 



Cell cultures 

Porcine kidney (PK15) cells (ATCC CCL 33) were used as the source 
of PoEV. The human cells used for co-cultivation with PK15 cells 
were the lymphoblast-like Burkitts lymphoma Raji (ATCC CCL 86) 
cell line. This cell line does not harbour endogenous 
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retroviruses and lacks reverse transcriptase activity wlaen tested 
by the present inventors . 

Co-cultivation 

Raji cells were co-cultivated directly vith PK15 cells in 
duplicate SOcm- flasks and exposed to the PK15 cells "hroughout 
the 20 passage culture period. The cells were passaged zvice per 
week and PK13 cells added as necessary from a stock culture. At 
every fifth passage a sainpla of Raji cells was removed from the 
co-culture, washed and cultured for 3-4 days. Sup-amatan' was 
then harvested and tested for presence of re-rcvirus by revsrse 
transcriptase (RT) assay. 

R2SULTS 

The presence of reverse transcriptase accivi^y with a preference 
for the Mn*' cation in the supernatant: from deracTior cell 
cultures is suggestive of infection by porcine retrovirus. 
Reverse transcriptase activity with preference for the Mn*'^ 
template was not detected in the duplicate co-cultivated test 
cultures at passage 5 but was detected at passages 10, 15 and 20. 
Ko significant RT activity was detected in the negative control 
cultures. RT activity with preference for the Mn-"* template was 
detected in positive control cultures at passage 5 and 20. 
An infected raji culture was diluted to single cells, and then 
a selection of cells cultured separately such that each culture 
originated from one cell. Each culture was tested by reverse- 
transcriptase assay. 
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Genomic DNA was made from an RT-positive clone as described in 
example 5 -purification- The PoEV ENV region was amplified by PCR 
as described below and the product molecularly cloned inro pMOS 
blue T-vector (Amersham) . This molecular clone was then sequenced 
(Fig, 4) , 

PCR 

Oligonucleotides were selected from the PoEV genome. 

The upstream primer was 5' -GAT GGC TCT CCT GCC CTT TG -3' 
5^ base position: 5240 

The downstream primer was 5 ' -CCA CAG TCG TAC ACC ACG -3' 
5' base position: 3144 

Expected product size: 2904bp 

Approx. 1 iiq of ganomic raji clone DNA was added to a 5Q ^1 
reaction mixture containing 200 /^M of dAT?, dCT?, dGT?, dTTP, 
3QpM each primer detailed above, lu Taq DNA polymerase and 5jul 
reaction buffer. The reaction buffer contained 200mM Tris.Cl pH 
3.4, 500mM potassium chloride, 15mM magnesium chloride and 
ultrapure water- The solution was overlaid with two drops of 
mineral oil to prevent evaporation. Thirty cycles of 
amplification was performed followed by an elongated extension 
reaction of SOmin. at 72''C. 



wo 97/40167 PCT/GB97/01087 

33 

The cyclas consisted of: 
SS'^C 1 xnin- 
SS^'C 1 min, 
72^C 2 min. 

The PCR product: was visualised as described in example 7, 
Product: size: -3Kb. 

C310NXKG 

The PGR product was molecularly cloned into pMOS-Blue T-vactor 
as directed by the laanuf acturer {pM05-3iue T-vecuor kit - 
Amersham) , 

20 transformed colonies (clones) were picked and added to 5mis 
L-broth containing 50 /zg/ml ampicillin. The cultures were grown 
shaking at 3 7**C overnight:. Plasr^id DMA vas isola-ed from each 
clone using uhe perfect: prep plasr.ic isclazicn kit as direcred 
by the manufacturer (5 Prime - 3 Prime Inc. Boulder, CO, USA). 

Piasmid DNA was digested ro completion wirh the endonucleases 
EcoRi and Hindlll and the produces visualised on an ethidium 
bromide-stained 1% agarose gel. A clone (raji env clone) showing 
rhe same banding pattern as that predicted for 'PK15 cell line 
derived PoEV , was selected for sequencing. 

SEQUENCING 

Raji env clone piasmid DNA prepared above was sequenced using an 
ABI automated sequencer, and the commercially availableT7 
sequencing primer. 
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The entire env gene region of the "Raji" was sequnced (see Figure 
4) and discovered to have substantial sequence identity at both 
the nucleic acid and amino acid levels (93.3% and 96.3% 
respectively) with the PoEV sequence from PK-15, 

E>r ample 10 

Phvloaenetic analysis 

phylogenetic analysis was performed using the PHYLIP package. 
Sequence distances were calculated using the PROTDIST program 
(Dayhoff matrix) and a neighbour- joining unrooted phylogenetic 
tree reconstructed using the NZIGHBOUP. program. 
Bootstrapping was performed using 200 replicates of the pol 
alignment, created using the SEQ300T program and a consensus tree 
was obtained using the COHSZNSZ program (see Figure J) , The 
bootstrap percentages are indicated at the branch forK, with 
missing values equal to 100%. The data indicate that PoEV is 
closely related to but distinct from the type-C oncovirus 
typified by gibbon, murine and feline leukaemia viruses, 
A phylogenetic tree was constructed from the pol alignment using 
the maximum likliehood algorithm (Dayhoff matrix) . This tree 
differed from the pol NJ tree only in the placement of the BaEV 
lineage in relation to other mammalian type C viruses and 
corresponded to a low bootstrap for the 3aEV fork observed in the 
NJ tree. 
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Example 11 

Analysis of the LTR and adjacent: region 

The long terminal repeat (LTR) is a reiterated sequence at each 
end of the provirus that contains the enhancer and promoter 
governing transcription of the provirus • as well as seauences 
required for reverse transcription of the RNA genome and 
integration of the proviral DNA. Three recognised domains of the 
LTR are identifiable, U3 , R and U5 with the LTR being delineated 
by inverse repeats AATGAAAGG and CCTTTCATT at the 5' and 3' ends 
of U3 and U5 respectively. 

LTR Domain ?oZV Genome Sequence Lena-h bo 

in accordance with Figure 3 



763S-3106 



469 



3107-3133,1-61 32 
62-143 32 



*The position of the R is defined here by similarity to the 3 ' end 
of the MuLV LTR and is compatible with the observed location of 
a cap site approximatelty 24 bp downsrream of the TATA box* 

The U3 region contans multiple potential nranscr iprion sites as 
shown in Figure 6. Most of -he U3 region shows lirrle or no 
homology to other mammalian type-C retroviruses which show 
conserved sites or repeat elements. However, there is homology 
to other mammaliann type-C viruses towards the 3 ' end of the U3 
Sc region and into R and US, Amongst the potential transcription 
factor sites are those for the following: 
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LyF-1 is a transcriptional regulator that interacts with a novel 
class of promocars for iyiaphacyte-specif ic-genes (Lo et al 1991) , 

E47 is the prototype member of a new family of iiissue specific 
enhancer proteins thar have been shown to bind to the enhancer 
of murine leukaemia virus- 

ETS-1 is a transcription factor primarily expressed in the 
haematopoietic lineage. 

The LTR contains direct repeals at 30006-3062 and 3045-SlQl which 
together contain three potential CCAATT boxes. A potential TATA 
box is located at position 3129-3144, 

The "R region contains a PADS (Poly A downstream elemen*) and 
consensus polyadeny lauion signal (AATAAA) . 

The primer binding sice (PBS) of PoEV is glycine (2) tRNA which 
has not reported for any exogenous retrovirus - 



wo 97/40167 



PCT/GB97/01087 



37 

References 

Clare JJ, Raymenti F3, 3allantine S?, Sreekrishna K and Ramanos MA. (1991), 
High Level expression of tetanus toxin fragment C in Piahls pascarls s-rains 
containing multiple tandem integrations of the gene. Slolizachnology , 9, 455- 
460 

Derynck R, Singh A and Goeddel DV. (1933), Sxoression of tihe human ^.n-erfron- 
Y in yeast. Nuclalc Acids Res,, 11, 1319-1337.' 

ONASTAR. (1994), Lasargene 3iocompucing Scftiwars for windows. User's Gu:Lde. 

Invltrogen. Version A. Zero Background"^* Cloning K,- Catalog no K25O0-ai. 

Laemmli UK. (1970). Cleavage of structural proteins during the assembly of 
the head of . bacteriophage T4N, Nacura, 221 r 630-635. 

Liaber M-M, Sherr CJ. 3enveni.3we R2 and Torado GJ. (1975), Siolog^c and 
immunclogi.c prcpercies of porcine type C viruses. V^^rology 65, 615-519, 

Lo K, LAndau MR, Smale ST. i^oi . Ceil. 31q1. 11: 5229-524 3(1991) 

Maniacis ?rit3ch and Sambrook J. ( 1932) *^0l9cular CIcni.Tc: A ildcra-o-v 
.Manual, Cold pr:.r.g Harbour Laboratory, Cold Spring Harbour, MY. 

Saiki RK, Gelfand DH, Stoffei 3, Schar: 3J, H.gucni. R. Horn GT Mullis K3 and 
2rlich r-iA. (1937), Primer-direc-eo 2n3yma-:.c ampL if ica- ion of Dn'a w:Lch a 
whermostable QNA polymerase, Scler.ce 239, 457-491. 

Sambrook J Fritsch E?, and Man:.acis T. (1939). .^oiecuiar Cloning a 
Lai^oratory .Manual, 2nd ed . Cold Spring Harbour Laboratory, Cold Spring 
Harbour New ^ork. 

Smith G£, Summers MD and ?raser M J . (1933). ?roduc-ion of human beca 
incerfaron in insec:: cells infectad wi^h a baculov^rus vaccor. iVoX . Cell. 
3ioi., 3, 2156-2165. 

StransTirom Verjalainen ?, Meaning V Hunsmann G, Schwarz H. and Schafar w. 
(1974). C- cype par-icles pcoducsd by a permanent call l:.na from a leukemic 
pi.g. 1 Origin and properries of host cells and some evidence for the 
occurence of C-Type like partiiclas Vz^oiogy 57 , 175-173, 

Todaro GJ, 3enveni.sta RE, Lieber MM and Sherr C J , (1974). Character izaat ion 
of a cype c virus released from che porcine cell line ?K (15). Virology S3 
55-74. 



1. An isolated polynucleotide fragiaeiit as shown in 
Figtires 1, 2, 3 or 4^ subsequenca thereof, or corresponding 
RNA sequence t±tereof: 

(a) encoding at least one porcine retrovirus (PoEV) 
expression product; 

(to) encoding a derivative of said expression product 
displaying a physiological and/or immunological activity 
substantially similar to the physiological and/or 
ijrmunological activity of said expression product as 
described in (a) ; or 

(c) which is complementary to a polynucleotide sequence as 
defined in (a) or (b) . 

2 . An isolated polynucleotide fragment according to 
claim 1: 

(a) encoding at least one polypeptide having an amino acid 
sequence which is shown in Figures 3 or 4; 

(b) encoding a derivative of said at least one polypeptide 
displaying a physiological and/or irmaunc logical activity 
substantially similar to the physiological and/or 
immunological activity of said expression product as 
described in (a) ; or 

(c) which is complementary to a polynucleotide sequence as 
defined in (a) or (b) , 

3. An isolated polynucleotide fragment according to 
claim 1 or 2: 

(a) encoding the polymerase (POL) polypeptide; 

(b) encoding a derivative polypeptide displaying a 
physiological and/or immunological activity substantially 
similar to the physiological and/or immunological activity 
of the polymerase (POL) polypeptide as described in (a) ; or 

(c) which is complementary to a polynucleotide sequence as 
defined in (a) or (b) . 




4. An isolated polynucleotide fragment according to 
claim 2 : 

(a) er*coding the virion core polypeptide (GAG) and/or 
envelope polypeptide (ENV); 

(b) encoding a derivative polypeptide displaying a 
physiological and/or ijianimological activity of said virion 
core polypeptide (GAG) and/or envelope polypeptide (EKV) as 
described in (a) ; or 

(c) which is complementary to a polynucleotide sequence as 
defined in (a) or {t) . 

5. An isolated polynucleotide fragment displaying at 
least 90% sequence identity vitn the sequence as shown in 
Figures 2 or 3: 

(a) encoding the virion core polypeptide (GAG) , polymerase 
(POL) and envelope polypeptide (ENV) of porcine retrovirus 
(PoEV) ; 

(b) encoding a derivative polypeptide displaying a 
physiological and; or iiamunological activity substantially 
similar to the physiological and/cr iininvmological activity 
of said GAG POL and ENV polypeptides as described in (a) ; 
or 

(c) which is complementary to a polynucleotide sequence as 
defined in (a) or (b) ♦ 

6. A recozabinant nucleic acid molecule comprising a 
polynucleotide fragment according to any one of claims 1 to 
5. 

7. A recombinant nucleic acid molecule according to 
claim 6 wherein the recombinant nucleic acid molecule 
comprises regulatory control sequences cperably linked to 
said polynucleotide fragment for controlling expression of 
said polynucleotide fragment. 

8. A vector comprising a recombinant nucleic acid 
jaolecule according to either of claims 6 or 7. 
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9. A vector according to claim 8 whicti is a virus or 
a plasmid, 

10. A prokaryotic or - eukaryotic host call transformed 
by a polynucleotide fragment, recombinant nucleic acid 
molecule, or vector according to any of claims 1 to 9 . 

11. A recotabinant PoEV polypeptide comprising an amino 
acid sequence as shown in Figure 3 displaying POL activity. 

12. A recombinant PoEV polypeptide comprising an amino 
acid sequence with at least 95% sequence identify to the 
GAG amino acid sequence as shown in Figure 3. 

13* A recombinant PoEV polypeptide comprising an amino 
acid sequence with at least 75% sequence identity to the 
ENV amino acid sequence as shown in Figures 3 or 4. 

14. A recombinant PoEV polypeptide comprising a 
sequence as shown in Figures 3 or 4, or derivative 
polypeptide displaying a physiological and/ or immunological 
activity of the PoSV polypeptide. 

15* A vaccine comprising a recombinant PcEV 
polypeptide according to any one of claims ll to 14^ or an 
inactivated PoEV virus and a pharmaceutically acceptable 
carrier . 

16. An anti-PcEV antibody or fragment thereof raised 
against a polypeptide or derivative according to any one 
of claims 11 to 14. 

17* A polynucleotide primer vhich is capable of 
specifically hybridising to a PoEV polynucleotide fragment 
as shown in Figures 1/2, 3 or 4 and capable of initiating 
chain extension from the 3' end of the primer^ but which is 
not able to correctly initiate chain extension from non 
PoEV sequences . 



la. A polynucleotide proise which is capable of 
specifically hybridising under stringent conditions to a 
polynucleotide sequence as shown in Figures 1, 2, 3 or 4, 
but not to non PoEV sequences under stringent conditions- 

19* A probe or a primer according to claims 17 or 18 
which have substantial nucleotide sequence identity with a 
strand of the molecule depicted in Figures 1, 2, 3 or 4 or 
a strand complementary therewith, with a corresponding RNA 
molecule, or with a part of such a molecule. 

20. A PoEV detection kit cciaprising a polynucleotide 
primer or probe according to any of claims 17 to 19, 

21. Use of a PoEV specific polynucleotide primer or 
probe according to any of claims 17 to 19 in the detection 
of PoEV in a sample* 

22. Use of a PoEV specific polynucleotide primer or 
primers according to either of claims 17 or 19 in a 
polymerase chain reaction for the detection of PoEV in a 
sample . 

2 3 . Porcine embryos, exobryonic stem cells or cells 
containing totipotential nuclei capable of forming a viable 
embryo which have been manipulated by use of a 
polynucleotide sequence derived from the polynucleotide 
sequence shown in Figiures 1, 2, 3 or 4 so as to not express 
an infectious, PoEV, 

24- A pig obtainable from the porcine embryos, 
embryonic stem cells or cells containing totipotentional 
nuclei capable of forming a viable embryo according to 
claim 23. 

25, Cells, tissues or organs obtainable from a pig 
according to claim 24. 
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26. A recombinant FoEV polypeptide according to any 
one of claims 11 to 14 for use in the preparation of a 
vaccine* 

27. Use of a polynucleotide primer or probe according 
to any of claijas 17 to 19 in the preparation of a detection 
kit capable of detecting the presence of PoEV nucleic acid 
in a sarttple. 

28, A polynucleotide; polypeptide; cells, tissues or 
organs according to any one of claims 1 to 5, 11 to 13 or 
25 for use in therapy or diagnosis. 

29* Use of a polynucleotide; polypeptide; cells, 
tissues or organs according to any one of claims l to 5, ii 
to 13 or 25 in the preparation of a medicament for therapy 
or diagnosis. 

30. The invention substantially as hereinbefore 
described. 
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1 GAATTCGCGGCCGCGTCGACAGATGCCTTCTTCTGCCTGAGATTACACCCCACTAGCCAA 60 

• * • • » 

61 CCACTTTTTGCCTTCGAATGGAGAGATCCAGGTACGGGAAGAACCGGGCAGCTCACCTGG 12 0 

121 ACCCGACTGCCCCAAGGGTTCAAGAACTCCCCGACCATCTTTGACGAAGCCCTACACAGG 18 0 

181 GACCTGGCCAACTTCAGGATCCAACACCCTCAGGTGACCCTCCTCCAGTACGTGGATGAC 2 4 0 

241 CTGCTTCTGGCGGGAGCCACCAAACAGGACTGCTTAGAAGGTACGAAGGCACTACTGCTG 3 0 0 

301 GAATTGTCTGACCTAGGCTACAGAGCCTCTGCTAAGAAGGCCCAGATTTGCAGGAGAGAG 3 6 0 

3 61 GTAACATACTTGGGGTACAGTTTGCGGGGCGGGCAGCGATGGCTGACGGAGGCACGGAAG 4 20 
421 AAAACTGTAGTCCAGATACCGGCCCCAACCACAGCCaAACAAGTGAGAGAGTTTTT GGGG 4 3 0 

4 31 ACAGCTGGATTTTGCAGACTGTGGATCCCGGGGTTTGCGACCTTAGCAGCCCCACTCTAC 5 4 0 
541 CCGCTAACCAAAGAAAAAGGGGGATTCTCCTGGGCTCCTGAGCACCAGAAGGCATTTGAT 60 0 
601 GCTATCAAAAAGGCCCTGCTGAGCGCACCTGCTCTGGCCCTCCCTGACGTAACTAA^CCC 6 60 
6 61 TTTACCCTTTATGTGGATGAGCGTAAGGGAGTAGCCCGAGGAGTTTTAACCC;^AACCCTA 7 20 
72 1 GGACCATGGAGGAGACCTGTTGCCTACCTGTCaAAGAAGCTTGATCCTGTAGCCAGTGGT 7 3 0 
731 TGGCCCGTATGTCTGAAGGCTATCGCAGCTGTGGCCATACTGGTC^GGACGCTGACAAA 8 4 0 
8 41 TTGACTTTGGGACAGAATAXAACTGTAATAGCCCCCCATGCATTGGAGAACATCGTTCGG 9 0 0 
901 CAGCCCCCAGACCGATGGATGACCAACGCCCGCATGACCCACTATCA;^AGCCTGCTTCTC 9 60 
961 ACAGAGAGGGTCACTTTCGCTCCACCAGCCGCTCTCAACCCTGCCACTCTTCTGCCTGA^ 102 0 

1021 GAGACTGATGAACCAGTGACTCATGATTGCCATCAACTATTGATTGAGGAGACTGGGGTC 10 3 0 

1081 CGCAAGGACCTTACAGACATACCGCTGACTGGAGAAGTGCTAACCTGGTTCACTGACGGA 114 0 

1141 AGCAGCTATGTGGTGGAAGGT.Aa,GAGGATGGCTGGGGCGGCAGTGGTGGACGGGACCCGC 12 0 0 

1201 ACGATCTGGGCCAGCAGCCTGCCGGAAGGAACTTCAGCGCAAAAGGCTGAGCTCATGGCC 12 60 
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12 61 CTCACGCAAGCTTTGCGGCTGGCCGAAGGGAAATCCATAAACATTTATACGGACAGCAGG 132 0 

1321 TATGCCTTTGCGACTGCACACGTACACGGGGCCATCTATAAACAAAGGGGGTTGCTTACC 133 0 

1381 TCAGCAGGGAGGGAAATAAAGAACAAAGAGGAAATTCTAAGCCTATTAGAAGCCTTACAT 14 4 0 

1441 TTGCCAAAAAGGCTAGCTATTATACACTGTCCTGGACATCAGAAAGCCAAAGATCTCATA 15 0 0 

1501 TCTAGAGGGAACCAGATGGCTGACCGGGTTGCCAAGCAGGCAGCCCAGGCTGTTAACCTT 15 50 

15 61 CTGCCTATAATAGAAACGCCCAAAGCCCCAGAACCCAGACGACAGTACACCCTAGAAGAC 162 0 

1 62 1 TGGCAAGAGATAAAAAAGATAGACCAGTTCTCTGAGACTCCGGAGGGGACCTGCTATACC 163 0 

1681 TCATATGGGAAGGAAATCCTGCCCCACAAAGAAGGGTTAGAATATGTCCAACAGATACAT 174 0 

17 41 CGTCTAACCCACCTAGGAACTAAACACCTGCAGCAGTTGGTCAGAA.CATCCCCTTATCAT 18 00 

IS 0 1 GTTCTGAGGCTACCAGGAGTGGCTGACTCGGTGGTCAAACATTGTGTGCCCTGCCAGCTG 18 6 0 

13 61 GTTAATGCTAATCCTTCCAGAATACCTCCAGGAAAGAGACTAAGGGGAAGCCACCCAGGC 192 0 

1921 GCTCACTGGGAAGTGGACTTCACTGAGGTAAAGCCGGCTAAATACGGAAACAAATATCTA 19 8 0 

1981 TTGGTTTTTGTAGACACCTTTTCAGGATGGGTAGAGGCTTATCCTACTA-2i.GAAA.GAGACT 204 0 

2041 TCAACCGTGGTGGCTAAGAAAATACTGGAGGAAATTTTTCCAAGATTTGGAATACCTAAG 210 0 

2101 GTAATAGGGTCAGACAATGGTCCAGCTTTCGTTGCCCAGGTAAGTCAGGGACTGGCCAAG 216 0 

2161 AXATTGGGGATTGATTGGAAACTGCATTGTGCATACAGACCCCAAAGCTCAGGACAGGTA 222 0 

2221 GAGAGGATGAATAGAACCATTAAAGAGACCCTTACCAAATTGACCACAGAGACTGGCATT 22 8 0 

2281 AATGATTGGATGGCTCTCCTGCCCTTTGTGCTTTTTAGGGTGAGGA^^-CACCCCTGGACAG 2 34 0 

2 341 TTTGGGCTGACCCCCTATGAATTGCTCTACGGGGGACCCCCCCCGTTGGCAGAAA-TTGCC 2 4 00 

24 01 TTTGCACATAGTGCTGATGTGCTGCTTTCCCAGCCTTTGTTCTCTAGGCTCAAGGCGCTC 24 60 

2 4 61 GAGTGGGTGAGGCAGCGAGCGTGGAAGCAGCTCCGGGAGGCCTACTCAGGAGGAGACTTG 2 52 0 

SUBSTITUTE SHEET (RULE 26) 
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2521 CAAGTTCCACATCGCTTCCAAGTTGGAGATTCAGTCTATGTTAGACGCCACCGTGCAGGA 25 SO 

25 81 AACCTCGAGACTCGGTGGAAlGGGACCTTATCTCGTACTTTTGACCACACCAACGGCTGTG 2 64 0 

2 641 AAAGTCGAAGGAATCCCCACCTGGATCCATGCATCCCACGTTAAGCCGGCGCCACCTCCC 27 0 0 

2701 GATTCGGGGTGGAAAGCCGAAAAGACTGAAA^TCCCCTTAAGCTTCGCCTCCATCGCGTG 27 60 

2761 GTTCCTTACTCTGTCAATAACTCCTCAAGTTAATGGTAA^CGCCTTGTGGACAGCCCGAa. 28 2 0 

28 21 CTCCCATAAACCCTTATCTCTCACCTGGTTACTTACTGACTCCGGTACAGGTATT.SATAT 2 8 8 0 

2 8 81 TAACAGCACTCAAGGGGAGGCTCCCTTGGGGACCTGGTGGCCTGAATTATATGTCTGCCT 2 9 4 0 
294 1 TCGATCAGTAATCCCTGGTCTCAATGACCAGGCCACACCCCCCGATGTACTCCGTGCTTA 3000 
3001 CGGGTTTTACGTTTGCCCAGGACCCCCAAATAATGAAGAATATTGTGGAAATCCTCAGGA 3 06 0 

3 061 TTTCCTTTGCAAGCAATGGAGCTGCATAACTTCTAATGATGGGAATTGGAAATGGCCAGT 312 0 
3121 CTCTCAGCAAGACAGAGTAAGTTACTCTTTTGTTAACAATCCTACCAGTTATAATCAATT 318 0 
3181 TAATTATGGCCATGGGAGATGGAAAGATTGGCAACAGCGGGTACAAAAAGATGTACGAAA 3 2 4 0 
3241 TAAGCAAATAAGCTGTCATTCGTTAGACCTAGATTA.CTTAVW^TAAGTTTCACTA.WiA 3 3 00 
3301 AAAAAAAAAAAAAAAAAAAA 3320 
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1 TGTGGGCCCCAGCGCGCTTGGAATAAAAATCCTCTTGCTGTTTGCATCAAGACCGCTTCT 60 

6 1 CGTGAGTGATTTGGGGTGTCGCCTCTTCCGAGCCCGGACGAGGGGGATTGTTCTTTTACT 120 

12 1 GGCCTTTCATTTGGTGCGTTGGCCGGGAAATCCTGCGACCACCCCTTACACCCGAGAACC 13 0 

181 GACTTGGAGGTAAAGGGATCCCCTTTGGAACGTGTGTGTGTGTCGGCCGGCGTCTCTGTT 2 4 0 

241 CTGAGTGTCTGTTTTCGGTGATGCGCGCTTTCGGTTTGCAGCTGTCCTCTCAGACCGTAA 30 0 

301 GGACTGGAGGACTGTGATCAGCAGACGTGCTAGGAGGATCACAGGCTGCCACCCTGGGGG 3 60 

361 ACGCCCCGGGAGGTGGGGAGAGCCAGGGACGCCTGGTGGTCTCCTACTGTCGGTCAGAGG 4 2 0 

421 ACCGAGTTCTGTTGTTGAAGCGAAAGCTTCCCCCTCCGCGGCCGTCCGACTCTTTTGCCT 4 8 0 

4 81 GCTTGTGGAAGACGCGGACGGGTCGCGTGTGTCTGGATCTGTTGG7TTCTGTCTCGTGTG 3 4 0 

541 TCTTTGTCTTGTGCGTCCTTGTCTACAGT7TTAATATGGGACAGACAGTGACTACCCCCC 600 

601 TTAGTTTGACTCTCGACCATTGGACTGAAGTTAGATCCAGGGCTCATAATTTGTCAGTTC 660 

661 AGGTTAAGAAGGGACCTTGGCAGACTTTCTGTGCCTCTGAATGGCCAACATTCGATGTTG 720 

721 GATGGCGATCAGAGGGGACCTTTAATTCTGAAP-.TTArCCTGGCTGTTAAGGCAATCATTT 7 80 
7 81 TTCAGACTGGACCCGGCTCTCATCCTGATCAGGAGCCCTATATCCTTACGTGGCAAGATT 8 4 0 
3 41 TGGCAGAAGATCCTCCGCCATGGGTTAAACCATGGCTAAATAAACC^AGAAAGCCAGGTC 9 0 0 
901 CCCGAATCCTGGCTCTTGGAGAGAAAAACAAACACTCGGCCGAAAAAGTCGAGCCCTCTT 960 
961 CCTCGTATCTACCCCGAGATCGAGGAGCCGCCGACTTGGCCGGAACCCCAACCTGTTCCC 102 0 
1021 CCACCCCCTTATCCAGCACAGGGTGCTGTGAGGGGACCTCTGCCCCTCCTGGAGCTCCGG 1080 
1031 TGGTGGAGGGACCTGC7GCCGGGACTCGGAGCCGGAGAGGCGCCACCCCGGAGCGGACAG 114 0 
1141 ACGAGATCGCGATATTACCGCTGCGCACCTATGGCCCTCCCATGCCAGGGGGCCAATTGC 120 0 
12 01 AGCCCCTCCAGTATTGGCCCTTTTCTTCTGCAGATCTCTATAATTGGAAAACTAACCATC 12 6 0 
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1261 CCCCTTTCTCGGAGGATCCCCAACGCCTCACGGGGTTGGTGGAGTCCCTTATGTTCTCTC 1 3 2 Q 

1321 ACCAGCCTACT7GGGATGATTGTCAACAGCTGCTGCAGACACTCTTCACAACCGAGGAGC 13 8 0 

1331 GAGAGAGAATTCTGTTAGAGGCTAGAAAAAATGTTCCTGGGGCCGACGGGCGACCCACGC 14 4 0 

14 41 AGTTGCAAAPwTGAGATTGACATGGGATTTCCCTTGACTCGCCCCGGTTGGGACTACAACA 1500 

1501 CGGCTGAAGGTAGGGAGAGCTTGAAAATCTATCGCCAGGCTCTGGTGGCGGGTCTCCGGG 1560 

1561 GCGCCTCAAGACGGCCCACTAATTTGGCTAAGGTAAGAGAGGTGATGCAGGGACCGAACG 1620 

1 62 1 AACCTCCCTCGGTATTTCTTGAGAGGCTCATGGAAGCCTTCAGGCGGTTCACCCCTTTTG 16 8 0 

1681 ATCCTACCTCAGAGGCCCAGAAAGCCTCAGTGGCCCTGGCCTTCATTGGGCAGTCGGCTC 17 4 0 

1741 TGGATATCAGGAAGAAACTTCAGAGACTGGAAGGGTTACAGGAGGCTGAGTTACGTGATC 13 0 0 

1 a 0 1 TAGTGAGAGAGGCAGAGAAGGTGTATTACAGAAGGGAGACAGAAGAGGAGAAGGAACAGA X 8 6 0 

18 61 GAAAAGAAAAGGAGAGAGAAGAAAGGGAGGAAAGACGT GAT AGACGGCAAGAGAAGAATT 192 0 

1921 TGACTAAGATCTTGGCCGCAGTGGTTGAAGGGAAGAGCAGCAGGGAGAGAGAGAGAGATT 198 0 

1981 TTAGGAAAATTAGGTCAGGCCCTAGACAGTCAGGGA;:^.CCTGGGCAATAGGACCCCACTCG 2 04 0 

2041 ACAAGGACCAGTGTGCGTATTGTAAAGAAAAAGGACACTGGGCAAGGAACTGCCCCA^GA 210 0 

2101 AGGGAAACAAAGGACCGAAGTCCTAGCTCTAGAAGAAGATAAAGATTAGGGGAGACGGGT 216 0 

2161 TCGGACCCCCTCCCCGAGCCCAGGGTAACTTTGAAGGTGGAGGGGCAACCAGTTGAGTTC 222 0 

2221 CTGGTTGATACCGGAGCGGAGCATTCAGTGCTGCTACAACCATTAGGAAAACTAAAAGAA 22 3 0 

22 31 AAAAAATCCTGGGTGATGGGTGCCACAGGGCAACGGCAGTATCCATGGACTACCCGAAGA 2 34 0 

2341 ACCGTTGACTTGGGAGTGGGACGGGTAACCCACTCGTTTCTGGTCATCCCTGAGTGCCCA 2 4 0 0 

24 01 GTACCCCTTCTAGGTAGAGACTTACTGACCAAGATGGGAGCTCAAATTTCTTTTGAACAA 2 4 60 

2 4 61 GGAAGACCAGAAGTGTCTGTGAATAACAAACCCATCACTGTGTTGACCCTCCAATTAGAT 2 5 2 0 



SUBSTITUTE SHEET (RULE 26) 



09/171553 

WO 97/40167 FCT/GB97/01087 

6/22 

2521 GATGAA.TATCGACTATATTCTCCCCAAGTAAAGCCTGATCAAGATATACAGTCCTGGTTG 25 8 0 

25 81 GAGCAGTTTCCCCAAGCCTGGGCAGAAACCGCAGGGATGGGTTTGGCAAAGCAAGTTCCC 2 64 0 

2641 CCACAGGTTATTCAACTGAAGGCCAGTGCTACACCAGTATCAGTCAGACAGTACCCCTTG- 2 700 

27 01 AGTAGAGAGGCTCGAGAAGGAATTTGGCCGCATGTTCAAAGATTAATCCAACAGGGC;i.TC 27 60 

2761 CTAGTTCC7GTCCAATCCCCTTGGAATACTCCCCTGCTACCGGTTAGGAAGCCTGGGACC 2 32 0 

2821 AATGATTATCGACCAGTACAGGACTTGAGAGAGGTCAATAAAAGGGTGCAGGACATACAC 28 8 0 

23 81 CCAACGGTCCCGAACCCTTATAACC7CTTGAGCGCCCTCCCGCCTGAACGGAACTGGTAC 294 0 

29 41 ACAGTATTGGACTTAAAAGAtGCCTTCTTCTGCCTGAGATTACACCCCACTAGCCAACCA 3000 

3001 CTTTTTGCCTTCGAATGGAGAGATCCAGGTACGGGAAGAACCGGGCAGCTCACCTGGACC 3 0 60 

3061 CGACTGCCCCAAGGGTTCAAGAACTCCCCGACCATCTTTGACGAAGCCCTACACAGGGAC 312 0 

3121 CTGGCCAACTTCAGGATCCAACACCCTCAGGTGACCCTCCTCCAGTACGTGGATGACCTG 313 0 

3131 CTTCTGGCGGGAGC waCCAAACAGGACTGCTTAGAAGGTACGAAGGCACTACTGCTGGAA 32 4 0 

3241 TTGTCTGACCTAGGCTACAGAGCCTCTGCTAAGAAGGCCCAGATTTGCAGGAGAGAGGTA 33 00 

3301 ACATACTTGGGGTACAGTT7GCGGGGCGGGCAGCGATGGCTGACGGAGGCACGGAAGAAA. 33 60 

3 361 ACTGTAGTCCAGATACCGGCCCCAACCACAGCCAAACAAGTGAGAGAGTTTTTGGGGACA 3420 

3421 GCTGGATTTTGCAGACTGTGGATCCCGGGGTTTGCGACCTTAGCAGCCCCACTCTACCCG 34 9 0 

3 4 31 CTAACCAAAGAAAAAGGGGGATTCTCCTGGGCTCCTGAGCACCAGAAGGCATTTGATGCT 3 5 4 0 

3541 ATCAAAAAGGCCCTGCTGAGCGCACCTGCTCTGGCCCTCCCTGACGTA^CTAAACCCTTT 3 6 0 0 

3601 ACCCTTTATGTGGATGAGCGTAAGGGAGTAGCCCGAGGAGTTTTAACCCAAACCCTAGGA 3 560 

3661 CCATGGAGGAGACCTGTTGCCTACCTGTCAAAGAAGCTTGATCCTGTAGCCAGTGGTTGG 37 20 

37 21 CCCGTATGTCTGAAGGCTATCGCAGCTGTGGCCATACTGGTCAAGGACGCTGACAAATTG 37 3 0 
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3781 ACTTTGGGACAGAATATAACTGTAATAGCCCCCCATGCATTGGAGAACATCGTTCGGCAG 33 4 0 

3 8 41 CCCCCAGACCGATGGATGACCAACGCCCGCATGACCCACTATCAAAGCCTGCTTCTCACA 39 00 

3 901 GAGAGGGTCACTTTCGCTCCACCAGCCGCTCTCAACCCTGCCACTCTTCTGCCTGAAGAG 3 960 
3961 ACTGATGAACCAGTGACTCATGATTGCCATCAACTATTGATTGAGGAGACTGGGGTCCGC 4 02 0 

4 021 AAGGACCTTACAGACATACCGCTGACTGGAGAAGTGCTAACCTGGTTCACTGACGGAAGC 4 0 8 0 
4 031 AGCTATGTGGTGGAAGGTAAGAGGATGGCTGGGGCGGCAGTGGTGGACGGGACCCGCACG 414 0 
4141 ATCTGGGCCAGCAGCCTGCCGGAAGGAACTTCAGCGCAAAAGGCTGAGCTCATGGCCCTC 4 2 00 
4201 ACGCAAGCTTTGCGGCTGGCCGAAGGGAAATCCATAAACATTTATACGGACAGCAGGTAT 42 60 
4 261 GCCTTTGCGACTGCACACGTACACGGGGCCATGTATAAACAAAGGGGGTTGCTTACCTCA 4 32 0 
4 321 GCAGGGAGGGAAAT A?\AGAACAAAGAG GAAATT CTAAGC CTATT AGAAGC CTT ACATTT G 4 3 8 0 
4 381 CCAAAAAGGCTAGCTATTATACACTGTCCTGGACATCAGAAAGCCAAAGATCTCATATCT 4 4 4 0 
44 41 AGAGGGAACCAGATGGCTGACCGGGTTGCCA?".GCAGGCAGCCCAGGCTGTT AACCTTCTG 4 S 0 0 
4501 CCTATAATAGAAACGCCCAAAGCCCCAGAP.CCCAGACGACAGTACACCCTAGAAGACTGG 4 5 60 
4 561 CAAGAGATAAAAAAGATAGACCAGTTCTCTGAGACTCCGGAGGGGACCTGCTATACCTCA 4 62 0 
4 621 TATGGGAAGGAAATCCTGCCCCACAAAGAAGGGTTAGAATATGTCC.^ACAGATACATCGT 4 68 0 
4 681 CTAACCCACCTAGGAACTAAACACCTGCAGCAGTTGGTCAGAACATCCCCTTATCATGTT 4 7 4 0 
4 741 CTGAGGCTACCAGGAGTGGCTGACTCGGTGGTCAAACATTGTGTGCCCTGCCAGCTGGTT 4 8 00 
4 801 AATGCTAATCCTTCCAGAATACCTCCAGGAAAGAGACTAAGGGG.OAGCCACCCAGGCGCT 4 3 5 0 
4 8 61 CACTGGGAAGTGGACTTCACTGAGGTAAAGCCGGCTAAATACGGAAACAAATATCTATTG 4 92 0 
4 921 GTTTTTGTAGACACCTTTTCAGGATGGGTAGAGGCTTATCCTACTAAGAAAGAGACTTCA 4 98 0 
4 981 ACCGTGGTGGCTAAGAAAATACTGGAGGAAATTTTTCCAAGATTTGGAATACCTAAGGTA 504 0 
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5041 ATAGGGTCAGACAATG<3TCCAGCTTTCGTTGCCCAGGTAAGTCAGGGACTGGCC;iAGATA 5100 

5101 TTGGGGATTGATTGGAAACTGCATTGTGCATACAGACCCCAAAGCTCAGGACAGGTAGAG 5160 

5161 AGGATGAATAGAACCATTAAAGAGACCCTTACCAAATTGACCACAGAGACTGGCATTAA7 522 0 

5221 GATTGGATGGCTCTCCTGCCCTTTGTGCTTTTTAGGGTGAGGAACACCCCTGGACAGTTT 52 8 0 

5281 GGGCTGACCCCCTATGAATTGCTCTACGGGGGACCCCCCCCGTTGGCAGAAATTGCCTTT 5 3 4 0 

5341 GCACATAGTGCTGATGTGCTGCTTTCCCAGCCTTTGTTCTCTAGGCTCAAGGCGCTCGAG 5 4 0 0 

5 4 01 TGGGTGAGGCAGCGAGCGTGGAAGCAGCTCCGGGAGGCCTACTCAGGAGGAGACTTGCAiL 5 4 c 0 

54 51 GTTCCACATCGCTTCCA\GTTGGAGATTCAGTCTATGTTAGACGCCACCGTGCAGGAA:kC 55 2 0 

5521 CTCGAGACTCGGTGGAA.GGGACCTTATCTCGTACTTTTGACCACACCAACGGCTGTGA;iA 5 530 

5581 GTCGA^^.GGAa.TCCCCACCTGGATCCATGCATCCCACGTTAAGCYGGCGCCACCr CCCGAC 5 6 4 0 

5641 TCGGGGTGGAGAGCCGAAAAGAcTGAGAATCCCCTTAAGCTTCGCCTCCATCGCCTGGTT 57 0 0 

57 01 GCTTACTCTAACAATA^.CTCCCCAGGCCAGTAGTAAACGCCTT ATAGACAGCTCGAACCC 57 60 

57 51 CCj^.TAGACCTTTATCCCTTACCTGGCTGATTATTGACCCTGATACGGGTGTCACTGTAAA 53 20 
5 321 TAGCACTCGAGGTGTTGCTCCTAGAGGCACCTGGTGGCCTG.WCTGCATTTCTGCCTCCG : S S 0 

58 81 ATTGATTAACCCCGCTGTTAARAGCACACCTCCCAACCTAGTCCGTAGTTATGGGTTCTA 5 9 4 0 
5941 TTGCTGCCCAGGCACAGAGAAAGAGAAATACTGTGGGGGTTCTGGGGAATCCTTCTGTAG 6000 
6001 GAGATGGAGCTGCGTCACCTCCAACGATGGAGACTGG.W.TGGCCGATCTCTCTCCAGGA £060 
50 61 CCGGGTAA^ATTCTCCTTTGTCAATTCCGGCCCGGGCA^GTACAAV^TGATGfAACT^^ 612 0 
6 121 TAAAGATAAGAGCTGCTCCCCATCAGACTTAGATTATCT.iA2.GAT.V^GTTTCACTGAAAG 513 0 
6 1 S 1 GAAA?vCAGGAAA^7ATTCAAAAGTGGATAAATGGTATGAGCTGGGGAATAGTTTTTTAT? 52 4 0 
6241 ATATGGCGGGGGAGCAGGGTCCACTTT.aACCATTCGCCTTAGGATAGAGACGGGGACAGA 5 3 0 0 
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6301 ACCCCCTGTGGCAATGGGACCCGATAAAGTACTGGCTGAACAGGGGCCCCCGGCCCTGGA 53 60 

6361 GCCACCGCATAACTTGCCGGTGCCCCAATTAACCTCGCTGCGGCCTGACATAACACAGCC 542 0 

64 21 GCCTAGCAACAGTACCACTGGATTGATTCCTACCAACACGCCTAGAAACTCCCCAGGTGT 64 8 0 

6481 tCCTGTTAAGACAGGACAGAGACTCTTCAGTCTCATCCAGGGAGCTTTCCAAGCCATCAA 654 0 

6541 CTCCACCGACCCTGATGCCACTTCTTCTTGTTGGCTTTGTCTATCCTCAGGGCCTCCTTA 66 0 0 

6601 TTATGAGGGGATGGCTAAAGAAAGAAAATTCAATGTGACCZ^GAGCATAGAAATCAATG 6 6 6 0 

6661 TACATGGGGGTCCCGAAATAAGCTTACCCTCACTGAAGTTTCCGGGAAGGGGACATGCAT 672 0 

6721 AGGAAAAGCTCCCCCATCCCACCAACACCTTTGCTATAGTACTGTGGTTTATGAGCAGGC 67 3 0 

6781 CTCAGAAAATCAGTATTTAGTACCTGGTTATAACAGGXGGTGGGCATGCAA.TACTGGGTT 63 4 0 

6341 AACCCCCTGTGTTTCCACCTCAGTCTTCAACCAATCCAAAGATTTCTGTGTCATGGTCCA 590 0 

6901 AATCG7CCCCCGAGTG7ACTACCATCCTGAGGAAGTGGTCCTTGATGAATATGACTATCG 69 60 

6961 GTATAAC CGACCAAAAAGAGAACCCGTATCCCTTACCCTAGCTGTAATGCTCGGATTAGG 7 02 0 

7 021 GACGGCCGTTGGCGTAGGAACAGGGACAGCTGCCCTGATCACAGGACCACAGCAGCTAGA 7 03 0 

7 081 GAAAGGACTTGGTGAGCTACATGCGGCCATGACAGAAGATCTCCGAGCC7TAAAGGAGTC 714 0 

7141 TGTTAGCAACCTAGAAGAGTCCCTGACTTCTTTGTCTGAAGTGGTTCTACAGAACCGGAG 7200 

7201 GGGATTAGATCTGCTGTTTCTAAGAGAAGGTGGGTTATGTGCAGCCTTAAAAGAAGAATG 7 260 

7 2 61 TTGCTTCTATGTAGATCACTCAGGAGCCATCAGAGACTCCATGAACaAGCTTAGAAAAAA 7 320 

1221 GTTAGAGAGGCGTCGAAGGGAAAGAGAGGCTGACCAGGGGTGGTTTGAAGGATGGTTCAA 7 330 

7 3 81 CAGGTCTCCTTGGATGACCACCCTGCTTTCTGCTCTGACGGGGCCCCTAGTAGTCCTGCT 7 4 4 0 

7 4 41 CCTGTTACTTACAGTTGGGCCTTGCTTAATTAATAGGTTTGTTGCCTTTGTTAGAGAACG 7 5 00 

7 5 01 AGTGAGTGCAGTCCAGATCATGGTACTTAGGCAACAGTACCAAGGCCTTCTGAGCCAAGG 7 5 6 0 
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7 561 A.GAAACTGACCTCTAGCCTTCCCAGTTCTAAGATTAGAACTATTAACAAGACAAGAAGTG 7 620 

7 621 GGGAATGAAAGGATGAAAATGCAACCTAACCCTCCCAGAACCCAGGAAGTTAATAAAA?tG 7 68 0 

7 681 CTCTAAATGCCCCCGAATTMCAGACCCTGCTGGCTGCCAGTAAATAGGTAGAAGGTCACA 774 0 

7741 CTTCCTATTGTTCCAGGGCCTGCTATCCtGGCCTAAGTAAGATAACAGGAAATGAGTTGA 7 9 00 

7 3 01 CTAATCGCTTATCTGGATTCTGTAAAACtGACTGGCACCATAGAAGAATTGATTACACAT 7 8 60 

7 861 TGACAGCCCTAGTGACCTATCTCAACTGCAATCTGTCACTCTGCCCAGGAGCCCACGCAG 7 92 0 

7 = 21 ATGCGGACCTCCGGAGCTATTTTAAAATGATTGGTCCACGGAGCGCGGGCTCr C GATATT 7930 

7 531 TTAAAATGATTGGTCCATGGAGCGCGGGCTCTCGATATTTTAAAATGATTGGTTTGTGAC 8 0 4 0 

8041 GCACAGGCTTTGTTGTGAACCCCATAAAAGCTGTCCCGATTCCGCACTCGGGGCCGCAGT 8 i 0 0 

8101 CCTCTACCCCTGCGTGGTGTACGACTGTGGGCCCCAGCGCGCTTGGAATAAJiAATCCTCT 315 0 
3151 TGCTGTTTGCATCAAAAAAAAAAAAAAAAAAAAAAA 3196 
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I GTGGTGTACa?^CTG7GGGCCCCAGCGCGCTTGGAATAAAAATCCTCTTGCTGTTTGCATC 6 0 

61 AAGACCGCTTCTCGTGAGTGATTTGGGGTGTCGCCTCTTCCGAGCCCGGACGAGGGGGAT 12 0 

121 TGTTCTTTTACTGGCCTTTCATTTGGTGCGTTGGCCGGGAAATCCTGCGACCACCCCTTA 13 0 

181 CACCCGAGAACCGACTTGGAGGTAAAGGGATCCCCTTTGGAACGTGTGTGTGTGTCGGCC 2 40 

241 GGCGTCTCTGTTCTGAGTGTCTGTTTTCGGTGATGCGCGCTTTCGGT TTGCAGCTGTCGT 300 

301 CTCAGACCGTAAGGACTGGAGGACTGTGATCAGCAGACGTGCTAGGAGGATCACAGGCTG 3 5 0 

361 CCACCCTGGGGGACGCCCCGGGAGGTGGGGAGAGCCAGGGACGCCTGGTGGTCTCCTAC7 42 0 

421 GTCGGTCAGAGGACCGAGTTCTGTTGTTGAAGCGAAAGCTTCCCCCTCCGCGGCCGTCCG 4 3 0 

4 81 ACTCTTTTGCCTGCTTGTGGAAGACGCGGACGGGTCGCGTGTGTCTGGATCTGTTGGTT': 5 4 0 

541 CTGTCTCGTGTGTCTTTGTCTTGTGCGTCCTTGTCTACAGTTTTAATATGGGACAGACAG 60 0 

MetGlyGlnThrV 

601 TGACTACCCCCCTTAGTTTGACT GTCGACCATTGGACTGAAGTTAGATCCAGGGCTCATA 660 
alThrThrProLeaSexLeiiThrLeuAspHisTrpThrGluValArgSarArgAiaHisA 

661 A.tTTGTCAGTTCAGGTTAAGAAGGGACCTTGGCAGACTTTCTGTGCCTCTG.^ATGGCCAA 72 0 
snLeuSerValGlnValLysLysGlyProTrpGlnThrPheCysAlaSerGluTrpProT 

7 21 CATTCGATGTTGGATGGCCATCAGAGGGGACCTTTAATTCTGAAATTATCCTGGCTGT7A 7 3 0 
hrPheAspValGlyTrpProSerGluGlyThrPheAsnSerGiuIlerieLeuAlaVall 

7 81 AGGCAATCAtTTTTCAGACTGGACCCGGCTCTCATCCTGATCAGGAGCCCTATATCCTTA 3 4 0 
ysAiaIleIle?heGinThrGlyProGlySerHis?coAspGlnGlu?ro7yrIleLeuT 

3 41 CGTGGCAAGATT7GGCAGAAGATCCTCCGCCATGGGTTAAACCATGGCTAAATAAACCAA 90 0 
hrTrpGloAspLeuAlaGluAspProProPrcTrpValLysProTrpLeuAsnLysProA 

9 01 GAAAGCCAGGTCCCCGAATCCTGGCTCTTGGAGAGAAAAACA.2\ACACTCGGCCGAAAAAG 9 60 
• rgLysProGly?roA.r<gXleLeuAlaLeuGlyGluLysA3nLysHi-sSerAlaGluLysV 

Sol TCGAGCCCTCTTCCTCGTATCTACCCCGAGATCGAGGAGCCGCCGACTTGGCCGGAACCC 1020 
alGluProSecSerSerTyrLeuProArgAspArgGlyAlaAlaAspLeuAlaGlyThrP 

1021 CAACCTGTTCCCCCACCCCCTTATCCAGCACAGGGTGCTGTGAGGGGACCTCTGCCCCTC 10 8 0 
roThrCysSerPrcThrProLeuSerSerThrGlyCysCysGluGlyThrSerAlaProP 
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1081 CTGGAGCTCCGGTGGTGGAGGGACCTGCTGCCGGGACTCGGAGCCGGAGAGGCGCCACCC 114 0 
roGiyAlaProValValGluGlyProAiaAlaGlyThrArgSerArgArgGlyAiaThrP 

1141 CGGAGCGGACAGACGAGATCGCGATATTACCGCTGCGCACCTATGGCCCTCCCATGCCAG 12 0 0 
roGIuArgThrAspGluIleAlalleLeuProLeuArcThrTyrGlyProProMetProG 

1201 GGGGCCAATTGCAGCCCCTCCAGTATTGGCCCTTTTCTTCTGCAGATCTCTATAATTGGA 12 60 
iyGlyGlnLeuGlnPraLeuGlnTyrTrpProPheSerSerAlaAspLeuTyrAsnTrpL 

12 61 AAACTAACCATCCCCCT7TCTCGGAGGATCCCCAACGCCTCACGGGGTTGGTGGAGTCCC 1320 

vsThrAsnHisProProPheSerGluAspProGlnArgLeuThrGlyLeuValGluSerL 

1221 TTATGTTCTCTCACCAGCCTACTTGGGATGATTGTCA2.CAGCTGCTGCAGACACTCTTCA 13 3 0 
euMetPheSerHisGlnPcoThcTrpAspAspCysGlnGlnLeuLeuGlnThrLeuPheT 

13 81 CAACCGAGGAGCGAGAGAGAATTCTGTTAGAGGCTAGAAVkAATGTTCCTGGGGCCGACG 14 4 0 

hrThrGluGIuArgGluArglieLeuLeuGluAlaArgLysAsaValProGlyAlaAspG 

14 41 GGCGACCCACGCAGT7GCAAAATGAGATTGACATGGGATTTCCCTTGACTCGCCCCGGTT 1500 

lyArgProThrGlaLeuGlnAsnGluIlaAspMetGlyPheProLeuThrArgProGlyT 

1501 GGGACTACAACACGGCTGAAGGTAGGGAGAGCTTGAAAATCTATCGCCAGGCTCTGGTGG 15 6 0 
rpAspTyrAsnThrAiaGiuGlyArgGluSerLeuLysIleTycArgGlnAiaLeuValA 

15 51 CGGGTCTCCGGGGCGCCTCAAGACGGCCCACTAATTTGGCTAAGGTAAGAGAGGTGATGC 162 0 

laGiyLeuArgGlyAiaSezArgArgProThrAsnLeuAiaLysValArgGluValMatG 

1621 AGGGACCGAACGAACCTCCCTCGGTATTTCTTGAGAGGCTCATGGAAGCCTTCAGGCGGT 163 0 
InGlyProAsnGluProProSerValPheLeuGluArgLeuMetiGluAlaPheArgArg? 

1681 TCACCCCTTTTGATCCTACCTCAGAGGCCCAGAAAGCCTCAGTGGCCCTGGCCTTCATTG 17 4 0 
heThrProPheAspProThrSerGluAXaGlnLysAlaSerValAiaLeuAIaPhelleG 

17 41 GGCAGTCGGCTCTGGATATCAGGAAGAAACTTCAGAGACTGGAAGGGTTACAGGAGGCTG 13 0 0 

lyGlnSerAlaLeuAspIieArgLysLysLeuGlnArgLeuGluGlyLeuGlnGluAlaG 

18 01 AGTTACGTGATCTAGTGAGAGAGGCAGAGA\GGTGTATTACAGA^GGGAGACAGAAGAGG 1 S 6 0 

luLeuArgAspLeuValArgGluAlaGluLysValTyrTyrArgArgGluThrGluGluG 

13 61 AGAAGGAACAGAGAAAAGAAAAGGAGAGAGAAGAA?^GGGAGGAAAGACGTGATAGACGGC 192 0 
luLysGluGlnArgLysGluLysGl'oArgGluGlu-a.rgGluGluArgArgAspArgArgG 

1921 AAGAGAAGAA.?TTGACTAAGATCTTGGCCGCAGTGGTTGAavGGGAA.GAGCAGCAGGGAGA 198 0 
InGluLysAsnLeuThrLysXleLeuAlaAlaValValGluGlyLysSerSerArgGluA 

1981 GAGAGAGAGATTTTAGGAAAATTAGGTCAGGCCCTAGACAGTCAGGGAACCTGGGCAATA 2 04 0 
rgGluArgAspPheArgLys IlaArgSerGlyProArgGlnSerGlyAsnLeuGlyAsrL-^ 
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2041 GGACCCCACTCGACAAGGACCAGTGTGCGTATTGTAAAGAAAAAGGACACTGGGCAAGGA 2 IQQ 
rgThrProLeuAspLysAspGlnCysAlalyrCysLysGiuLysGiyHisTrpAiaArgA 

2101 ACTGCCCCAAGAAGGGAAACAAAGGACCGAAGgTCCTAGCTCTAGAAGAAGATAAAGATT 215 0 
snCysProLysLysGlyAsnLysGly?roLysValLeuAlaLeuGluGluA5pLy5Asp£ 

2161 AGGGGAGACGGGgTTCGGACCCCCTCCCCGAGCCCAGGGTAACTTTGAAGGTGGAGGGGC 222 0 
ndGiyArgArgGlySerAspProLeuProGluProArgValThrLeuLysVaiGluGlyG 

2221 AACCAGTTGAGTTCCTGGTTGATACCGGAGCGGAGCATTCAGTGCTGCTACAACCATTAG 223 0 
InProValGluPheLeuValAspThrGlyAiaGluHisSerValLeuLeuGlr.ProLeuG 

2231 GAAAACTAAAAGAAAAAAAATCCTGGGTGATGGGTGCCACAGGGCAACGGCAGTATCCAT 23 4 0 
lyLysLeuLysGluLysLysSerTrpValMcTiGlyAlaThrGiyGlnArgGinTyrPrcT 

2341 GGACTACCCGAAGAACCGTTGACTTGGGAGTGGGACGGGTAACCCACTCGTTTCTGGTCA 2 4 00 
rpThrThrArgArgThrValAspueuGIyValGiyArgValThrHisSerPheLeuVall 

2 4 01 TCCCTGAGTGCCcAGTACCCCTTCTAGGTAGAGACTTACTGACCAAGATGGGAGCTCAAA 24 60 
leProGluCysProVaiProLeuLeuGiyArgAspLeuLeuXhrLysHecGlyAlaGlnl 

2461 TTTCTTTTGAACAAGGAAGACCAGAAGTGTCTGTGAATAACAAACCCATCACTGTGTTGA 2520 
leSerPheGluGlnGlyArgProGluValSerValAsoAsnLysProIlaThrValLauT 

2521 CCCTCCAATTAGATGATGAATATCGACTATATTCTCCCCAAGT.2\AAGCCTGATCAAGATA 2 58 0 
hrX-euGlnLeuAspAspGluXycArgLeuTyrSerProGlnValLysProAspGlnAspI 

2581 TA2AGTCCTGGTTGGAGCAGTTTCCCCAAGCCTGGGCAGAAACCGCAGGGATGGGTTTGG 2 64 0 
IsGInSerTrpLeuGluGlnPhaProGinAiaTrpAlaGluThrAlaGiyMer-GlyuauA 

2641 CAAAGCAAGTTCCCCCACAGGTTATTCAACTGAAGGCCAGTGCTACACCAGTATCAGTCA 27 0 0 
laLysGlnVaieroProGlnVailleGlnLeuLysAlaSerAlaThrProValSerVaiA 

27 01 GACAGTACCCCTTGAGTAGAGAGGCTCGAGAAGGAATTTGGCCGCATGTTCAAAGATTAA 27 6 0 
rgGlnTycProLeuSerArgGluAlaArgGiuGlylleTrpProHisValGlnArgLeuI 

27 61 TCCAACAGGGCATCCTAGTTCCTGTCCAATCGCCTTGGAATACTCCCCTGCTACCGGTTA 2 3 20 
leGlnGlnGlylleLeuValProValGlnSerProTrpAsnThr ProLeuLeuProVaiA 

2821 GGAAGCCTGGGACCAATGATTATCGACCAGTACAGGACTTGAGAGAGGTCAATAAAAGGG 23 8 0 
rgLysProGlyXhrAsnAspTyrArgProValGlnAspLeuArgGluValAsnLysArgV 

2 3 31 TGCAGGACATACACCCAACGGTCCCGAACCCTTATAACCTC7TGAGCGCCCTCCCGCCTG 29 4 0 
alGloAspIleHisProThrValProAsnProTyrAsnLeuLeuSerAiaLeuProProG 

2 9 41 AACGGAACTGGTACACAGTATTGGACTTAAAAGATGCCTTCTTCTGCCTGAGATTACACC 30 0 0 
loArgAsnTrpTyrThrValLeuAspLeuLysAspAiaPhePheCysLeuArgLeuHis? 
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3001 CCACTAGCCAACCACTTTTTGCCTTCGAATGGAGAGATCCAGGTACGGGAAGAACC3GGC 30 60 

rcjThrSerGlnProLeuPheAlaPheGiuTrpArgAspProGiyThrGlyArgThrGiyG 



3061 AGCTCACCTGGACCCGACTGCCCCAAGGG7TCAAGAACTCCCCGACCATCTTTGACGAAG 312 0 
InLeuThrXrpThrArgLeuPEoGinGIyPheLysAsnSerProThrllePheAspGluA 

3121 CCCTACACAGGGACCTGGCCAACTTCAGGATCCAACACCCTCAGGTGACCCTCCTCCAGT 318 0 
laLeuHisArgAspLeuAlaAsnPheArglleGlnHisProGlnValThrLeuLeuGlnT 

3181 ACGTGGATGACCTGCTTCTGGCGGGAGC-CACCAAACAGGACTGCTTAGAAGGTACGAAGG 32 4 0 
yrVaiAspAspLeuLeuLeuAiaGlyAlaThrI-ysGlrLA.spCysLeuGluGiyThrI.ysA 

3241 CACTACTGCTGGAATTGTCTGACCTAGGCTACAGAGCCTCTGCTAAGAAGGCCCAGATTT 3 3 0 0 
laLeuLeuLeuGiuLeuSerAspLeuGlyTyrArgAlaSerAlaLysLysAlaGlnlleC 

3301 GCAGGAGAGAGGTAACATACTTGGGGTACAGTTTGCGGGGCGGGCAGCGATGGCTGACGG 2 3 60 
ysArgArgGluValThrTyrLeuGiyTyrSerLeuArgGiyGlyGirLArgTrpLeuThrG 

33 61 AGGC:ACGGAAGAAaACTGTAGTCCAGATACCGGCCCCAACCACAGCCA;iACAAGTGAGAG 3 42 0 

iuAiaLAxgLysLysThrValValGlr.IleProAiaPrsthrThrAlaLysGlr.ValArgG 

3 4 21 AGTTTTTGGGGACAGGTGGATTTTGCAGACTGTGGATCCCGGGGTTTGCGACCTTAGCAG 3 4 3 0 
luPheLeuGlyThrAlaGlyPheCysArgLeuTrpIleProGiyPheAlaThrLeuAlaA 

34 81 CCCCACTCTACCCGCTAACCAAAGAAAAAGGGGGATTCTCCTGGGCTCCTGAGCACCAGA 354 0 

laProLeuTyrProLeuThrLysGiuLysGlyGlyPheS<=rTrpAlaProGluHisGlnL 

35 41 AGGCATTTGATGCTATCAAAAAGGCCCTGCTGAGCGCACCTGCTCTGGCCCTCCCTGACG 3 60 0 

ysAia?heAspAlaXleLysLysAiaLeuLeuSerAla?roAlaLeuAiaLeuPi:cAspV 

3601 TAACTAAACCCTTTACCCTTTATGTGGATGAGCGTAAGGGAGTAGCCCGAGGAGTT7TAA 3 660 
alThrLysProPheThrLeuTyrValAspGluArgLysGlyVal.MaArgGlyValleuT 

3651 CCCAAACCCTAGGACCATGGAGGAGACCTGTTGCCTACCTGTCAAAGAAGCTTGATCC7G 37 20 
hrGinThrLeuGiyProTrpArgArgProValAlatyrLeuSerLysLysLeuAspProv 

3721 TAGCCAGTGGTTGGCCCGTATGTCTGAAGGCTATCGCAGCTGTGGCCATACTGGTC.AAGG 37 8 0 
alAlaSerGlyTrpProValCysLeuLysAlalleAlaAlaValAialleLeuValLysA 

37 S 1 ACGCTGACAAATTGACTTTGGGACAGAATATAACTGTAATAGCCCCCCATGCATTGGAGA 3 8 4 0 
spAlaAspLysLeuThrLeuGlyGlnAsnrisThrVallleAlaProHisAlaLeuGi'u.^ 

3 8 41 ACATCGTTCGGCAGCCCCCAGACCGATGGATGACCAACGCCCGCATGACCCACTATCAJ^A 3 900 
snXieVaiArgGlnProProAspArgTrpMecThrAsnAlaArgMetThrHxsTy rGlnS 

3 901 GCCTGCTTCTCACAGAGAGGGTCACTTTCGCTCCACCAGCCGCTCTCAACCCTGCCACTC 3 9 60 
erLeuLeuLeuThrGluArgValThrPheAlaProProAlaAlaLauAsnProAiaThrL 
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3961 TTCTGCCTGAAGAGACTGATGAACCAGTGACTCATGATTGCCATCAACTATTGATTGAGG 4 020 
euLeueroGXuGluThrAspGiuProValThrHisAspCysHisGlnLeuLeuIleGluG 

4 021 AGACTGGGGTCCGCAAGGACCTTACAGACATACCGCTGACTGGAGAAGTGCTAACCTGGT 4 0 8 0 

luThrGlyValArgLysAspLeuThrAspIleProLeuThrGiyGluValLeuThrTrpP 

4 081 TCACTGACGGAAGCAGCTATGTGGTGGAAGGTAAGAGGATGGCTGGGGCGGCAGTGGTGG 414 0 
heThrAspGlySerSerTyrValValGluGlyLysArgMetAlaGlyAlaAiaValValA 

4141 ACGGGACCCGCACGATCTGGGCCAGCAGCCTGCCGGAAGGAACTTCAGCGCAAAAGGCTG 4 2 0 0 
spGlyThrArgThrlleTrpAlaSerSerLeuProGluGlyThrSerAiaGlnLysAlaG 

42 01 AGCTCATGGCCCTCACGCAAGCTTTGCGGCTGGCCGAAGGGAAATCCATA=ACATTTATA 4 2 60 
luLeuMetiAlaLeuThrGlnAlaLeuArgLeuAlaGluGlyLysSerXiaAsnlleTyrT 

42 61 CGGACAGCAGGTATGCCTiTGCGACTGCACACGTACACGGGGCCATCTATAAA.CAAAGGG 4 320 
hrAspSerArgTyzAlaPheAlaThrAiaHisValHisGlyAialleXyrLysGlnArgG 

4 321 GGTTGCTTACCTCAGCAGGGAGGGAAATAAAGAACAAAGAGGAAATTCTAAGCCTATTAG 4 3 8 0 
lyLeuLeuThrSerAlaGlyArgGluIleLysAsnLysGluGluIleLeuSerLeuLauG 



4 381 AAGCCTTACATTTGCCAAAAAGGCTAGCTATTATACACTGTCCTGGACATCAGAAAGCCA 4 4 4 0 
luA.laLeuHisLeu?rotiysArgLeuAlaIieIleHisCysProGlyHisGlnLysAlaL 

4 4 41 AAGATCTCATATCTAGAGGGAACCAGATGGCTGACCGGGTTGCCAAGCAGGCAGCCCAGG 4 500 
ysAspLeuIleSerArgGlyAsnGlnMecAlaAspArgValAlaLysGlnAlaAlaGlnA 

4501 CTGTTAACCTTCTGCCTATAATAGAAACGCCCAAAGCCCCAGA-ACCCAGACGACAGTACA 4 550 
iaValAsnLeuIieu?roIieIleGluThr9roLysAla?roGlu?roArgArgGinTyrT 



4561 CCCTAGAAGACTGGCAAGAGATAAAAAAGATAGACCAGTTCTCTGAGACTCCGGAGGGGA 4 620 
hrLeuGluAspTrpGlnGluIleLysLysIieAspGlnPheSerGluThrProGluGlyT 

4 621 CCTGCTATACCTCATATGGGAAGGAAATCCTGCCCCACAAAGAAGGGTTAGAATATGTCC 4 6 3 0 
hrCysTyrThrSerTyrGivLysGluIleLeuProHisLysGluGiyLeuGluTyrValG 

4 681 AACAGATACATCGTCTAACCCACCTAGGAACTAAACACCTGCAGCAGTTGGTCAGAACAT 4 7 4 0 
InGlnlleHi^ArgLeuThrHisLeuGlyThrLysHisLauGlnGlnLeuValArgThrS 

4741 CCCCTTATCATGTTCTGAGGCTACCAGGAGTGGCTGACTCGGTGGTCAAACATTGTGTGC 4 8 0 0 
erProTyrKisValLe'-iArgLeu?roGlyValAlaAspSerValValLysHi3CysValP 

4 9 01 CCTGCCAGCTGG7TAATGCTAATCCTTCCAGAATACCTCCAGGAAAGAGACTAAGGGGAA 4 3 60 
roCysGlnLeuValAsnAlaAsnProSarArglleProProGlvLysArgLeuArgGlyS 

4 8 S 1 GCCACCCAGGCGCTCACTGGGAAGTGGACTTCACTGAGGTAAAGCCGGCTAAA.TACGGAA 4 92 0 
erHxsProGlyAlaHisTrpGluVa lAspPhaThrGluValLysP^oAlaLysTyrGlyA 
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4 321 ACAAATATCTATTGGTTTTTGTAGACACCTTTTCAGGATGGGTAGAGGCTTATCCTACTA 4 98 0 
snLysTyrLeuLeuVaiPheValAspThr?heSerGlyTrpValGiuAlaTyr?roThrL 



4 9 31 AGAAAGAGACTTCAACCGTGGTGGCTAAGAAAATACTGGAGGAAATTTTTCCAAGAT T T G 50 4 0 
ysLysGluThrSerThrValValAlaLysLysIleLeuGluGluXlePheProArgPheG 

504 1 GAATACCTAAGGTAATAGGGTCAGACAATGGTCCAGCTTTCGTTGCCCAGGTAAGTCAGG 510 0 
- lylleProLysVallleGlySerAspAsnGlyProAlaPheValAlaGlnValSerGlnG 

5101 GACTGGCCAAGATATTGGGGATTGATTGGAAACTGCATTGTGCATACAGACCCCAAAGCT 5160 
lyLeuAlaLysXleLeuGlylleAspTrpLysLeuKisCysAlaTyrArgProGlnSerS 

5161 CAGGACAGGTAGAGAGGATGAATAGAACCATTAAAGAGACCCTT ACCAAATTGACCACAG 522 0 
erGlyGlnValGluArgMetAsnArgThrllel-ysGluThrLeuThrLysLeu'rhrThrG 

5221 AGACTGGCATTAATGATTGGATGGCTCTCCTGCCCTTTGTGCTTTTTAGGGTGAGGA^CA 52 S 0 
luThrGiyl leAs oAs pT rpMe zAl aLeuLeuProPheVal Leu PheAr g Va lAr gAs nT 

5281 CCCCTGGACAGTTTGGGCTGACCCCCTATGAATTGCTCTACGGGGGACCCCCCCCGTTGG 5 3 4 0 

hrProGlyGinPheGlyLeuThrProTyrGluLeuLauTyrGiyGlyProProProLeLL^, 

5341 CAGAAATTGCCTTTGCACATAGTGCTGATGTGCTGCTTTCCCAGCCTTTGTTCTCTAGGC 5 4 0 0 
laGluXleMaPheAlaHxsSerAlaAspValLeuLeuSecGlaProLeuPheSerArgL 

5 4 01 TCAAGGCGCTCGAGTGGGTGAGGCAGCGAGCGTGGAAGCAGCTCCGGGAGGCCTACTCAG 5 4 6 0 
euLysAiaLeuGluT rpValArgGlnArgAlaTrpLysGlnLe^aArgGluAlaTy rSerG 



54 61 GAGGAGACTTGCAAGTTCCACATCGCTTCCAAGTTGGAGATTCAGTCTATGTTAGACGCC 5 52 0 
lyGlyAspLeuGinValProHisArgPheGlnValGlyAspSerValTyrValArgArgH 

5521 ACCGTGCAGGAAACCTCGAGACTCGGTGGAAGGGACCTTATCTCGTACTTTTGACCACAC 5 5 8 0 
:i.sArgAlaGlyAsnL.euGluThrArgTrpLysGly?roTyiIieuValLeuLeuThrThr? 



5581 CAACGGCTGTGAAAGTCGAAGGAATCCCCACCTGGATCCATGCATCCCACGT7AAGCCGG 5 64 0 
roThrAlaValLysValGluGlyXleProThrTrpIieHisAlaSerHisValLysProA 

MetHis PrcThrLauS^rArg 

5 641 CGCCACCTCCCGACrCGGGGTGGAGAGCCGAAAAGAcTGAGAATCCCCTT.A^GCTTCGCC 57 0 0 
laProProProAspSerGlyTrpArgAlaGluLysThrGluAsnProLeuLysLeuArgl 
ArgHisLeuPrcThrArgGlyGlyGluPrcLysArgLeuArglieProLeuSerPheAla 

57 01 TCCATCGCCTGGTTCCTTACTCTAACA\T.;^CTCCCCAGGCCAGTAGTAAA.CGCCTTATA 57 60 
euHxsArgLeuValProTycSe rAsrL^ksnAsnSer ProGlyGlnSnd 
SerlleAiaTrpPheLeuThrLeuThrlleThrProGlrL^iaSerSerLysArgLauIie 

57 61 GACAGCTCGAACCCCCATAGACCTTTATCCCTTACC7GGCTGATTATTGACCCTGATACG 5 S 2 0 
AspSerSsrAsnPrcHxsArgProLeuSer LeuThrTrpLcuXleXl^AspPrcAspThr 
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5821 GGTGTCACTGTAAATAGCACTCGAGGTGTTGCTCCTAGAGGCACCTGGTGGCCTGAACTG 5 8 S 0 
GiyVaXThrVaiAsnSerThrArgGiyVaiAlaProArgGlyThxTrpTrpProGiuLeu 

58 81 CATTTCTGCCTCCGATTGATTAACCCCGCTGTTAAAAGCACACCTCCCAACCTAGTCCGT 5 9 4 0 
His FheCysLeuArgLeuIieAsnProAiaVaiLysSerThr Prop roAsnLauValArg 

5941 AGTTATGGGTTCTATTGCTGCCCAGGCACAGAGAAAGAGAAATACTGTGGGGGTTCTGGG 600 0 
SerTyrGlyPheTyrCysCysProGlyThrGiuLysGluLysTyrCysGlyGiySerGiy 

6001 GAATCCTTCTGTAGGAGATGGAGCTGCGTCACCTCCAACGATGGAGACTGGAAATGGCCG 60 6 0 
GiuSerPheCysArgArgTrpSerCysValThrSerAsnAapGlyAspTrpLys T rpPro 

6061 ATCTCTCTCCAGGACCGGGTAAAATTCTCCTTTGTCiATTCCGGCCCGGGCAAGTACAAA 512 0 
IleSerLauGlnAspArgValLys ?heSer?heVaiAsnSerGiy?roGlyI.ysTy rLys 

6121 ATGATGAAACTATATAAAGAT.V^GAGCTGCTCCCCATCAGACTTAGATTATCTAAAGATA 613 0 
MecMetiLysLeuTyrLysAspLysSerCysSerPrcSerAspLeuAspTyrLeuLysIia 

6181 AGTTTCACTGAAAGGAAAACAGGAAAATATTCA;^AAGTGGATAAATGGTATGAGCTGGGG 62 4 0 
SerPheThrGiuArgLysThrGiyLysTyrSerLysValAspLysTrpTyrGiuLeuGly 

6241 AATAGTTTTTTATTATATGGCGGGGGAGCAGGGTCCACTTTAA.CCATTCGCCTTAGGATA 6300 
Asr.SerPheLauLeuTyrGlyGlyGiyAiaGlySerThrLeuThrlleA.rgLeuArglie 

6301 GAGACGGGGACAGAACCCCCTGTGGCAATGGGACCCGATAAAGTACTGGCTGAACAGGGG 63 60 
GluThrGlyThrGluProProValAi aMecGlyProAspLys ValLeuAiaGiuGlnGly 

63 61 CCCCCGGCCCTGGAGCCA.CCGCATAACTTGCCGGTGCCCCAATTAACCTCGCTGCGGCCT o 2 0 

ProProA-laLeuGluProProHisAsnLeuProValtroGInLeuThrSerLeuArgPro 

6421 GACATAACACAGCCGCCTAGCAACAGTACCACTGGATTGATTCCTACCAACACGCCTAGA 64 8 0 
Asp IleThrGir.ProProSerAsnSerThrThrGlyLauIleProThrAsnThrProArg 

64 81 AACTCCCCAGGTGTTCCTGTTAAGACAGGACAGAGACTCTTCAGTCTCATCCAGGGAGCT 654 0 

AsnSerProGlyValProValLysThrGlyGlnArgLeuPheSerLeuIieGiriGlyAla 

6541 T7CCAA.GCCATCAACTCCACCGACCCTGATGCCACTTCTTCTTGTTGGCTTTGTCTATCC 5 60 0 
PheGinAlalleAsaSerThrAspProAspAlaThr SerSerCysTrpLeuCysLauSer 

6601 TCAGGGCCTCCTTATTATGAGGGGATGGCTAAAGAAAGAAAATTCAATGTGACCAA.^GAG 6 56 0 
SerGLyProProTyrTyrGluGlyHetAlaLysGiuArgLysPheAsnValThrLysGlu 

6661 CATAGAAATCAATGTACATGGGGGTCCCGAAATAAGCTTACCCTCACTGAAGTTTCCGGG 67 2 0 
HisArgAsnGlaCysThrTrpGlySerArgAsnLysLeuThrLeuThrGluValSerGly 

6721 AAGGGGACATGCATAGGAAAAGCTCCCCCATCCCACCAACACCTTTGCTATAGTACTGTG 67 3 0 
LysGlyThrCysIleGlyLysAlaProProSerHisGinHisl-euCysTyrSerThrVal 
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6781 G7TTATGAGCAGGCCTCAGAAAATCAGTATTTAGTACCTGGTTATAACAGGTGGTGGGCA 6 8 4 0 
ValTyrGluGlnAlaSerGluAsnGinTyrLeuValProGlyTyrAs nArgTrpTrpAia 

68 41 TGCAATACTGGGTTAACCCCCTGTGTTTCCACCTCAGTCTTCAACCAATCCAAAGATTTC 6900 
CysAsnThrGlyLeuThrProCysValSerThrSerValPheAsnGlnSerLysAspPhe 

6901 TGTGTCATGGTCCAAATCGTCCCCCGAGTGTACTACCATCCTGAGGAi^.GTGGTCCTTGAT 6 9 6 0 
CysValMetValGialieValProArgValTyrTyrHisProGluGiuVaiValLeuAsp 

6961 GAATATGACTATCGGTATA;^CCGACCAAAAAGAGA^CCCGTATCCCTTACCCTAGCTGTA 702 0 
GluTyrAspTyrArgTyrAsnArgProLysArgGluProVaiSerLeuThrLeuAlaVal 

7 021 ATGCTCGGATTAGGGACGGCCGTTGGCGTAGGAACAGGGACAGCTGCCCTGATCACAGGA 7 08 0 
MetLeuGiyLeuGlyThrAiaValGlyValGlyThrGiyThrAlaAlaLeuIleThrGly 

7081 CCACAGCAGCTAGAGAAP.GGACTTGGTGAGCTACATGCGGCCATGACAGAAGATCTCGGA 714 0 
ProGinGinLeuGluLysGlyLeuGlyGluLeuKxsAiaAiaMecThrGiuAsple'oArg 

7141 GCCTTAAAGGAGTCTGTTAGCAACCTAGAAGAGTCCCTGACTTCtTTGTCTGAAGTGGTT 7 2 0 0 
AlaLeuLysGlu5erVaiSerA3 nLeuGluGluSerLeuThrSerLeuSerGlL: Valval 

7 201 CTACAGAACCGGAGGGGATTAGATCTGCTGTTTCTAAGAGAAGGTGGGTTATGTGCAGCC 7 2 50 
LeuGlnAsnArgArgGiyLeuAspLeuLauPheLeuArgGluGlyGlyLeuCysAiaAia 

72 51 TTAAAAGAAGAATGTTGCTTCTATGTAGATGACTCAGGAGCCATCAGAGACTCCATGAAC 7 32 0 
LeuLysGluGluCysCysPheTyrValAspHisSerGiyAlalleArgAspSerMetAsn 



7 321 AAGCTTAGAAAAAAGTTAGAGAGGCGTCGAAGGGAAAGAGAGGCTGACCAGGGGTGGTTT 7 3 8 0 
L y s I. e uAr g L y s I*y s L e u G 1 uAr g Ar g Ar g Ar g G i uA r g G 1 u Al aJKs pGlnGlyTrpPhe 

7 381 GAAGGATGGTTCAA.CAGGTCTCCTTGGATGACCACCCTGCTTTCTGCTCTGACGGGGCCC 7 4 4 0 
GluGlyT rp?heA5aArgSarPj:oTrpMe-ThrThrl4euLeuSerAlaLeuThrGly?ro 

7 4 41 CTAGTAGTCCTGCTCCTGTTACTTACAGTTGGGCCTTGCTTAATTAATAGGTTTGTTGCC 7 50 0 
LeuValValLeuLeuLeuLeuLeuThrValGlyProCysLeuIieA^nArgPheValAia 

7 5 01 TTTGTTAGAGAACGAGTGAGTGCAGTCCAGATCATGGTACTTAGGCAACAGTACCAAGGC 7 560 
PheValArgGliiArgVaiSerAlaValGlnXleMecValLeuArgGlnGlriTyrGlnGiy 

7 5 61 CTTCTGAGCCAAGGAGAAACTGACCTCTAGCCTTCCCAGTTCT.AAGATTAGAACTATTAA 7 62 0 
LauLeuSerGlnGlyGluThrAspLeuEnd 

7 621 CAAGACAAGAAGTGGGGAATGAAAGGATGAAAATGCAACCTAACCCTCCCAGAACCCAGG 7 58 0 

7 68 1 AAGTTAATAAAAAGCTCTAAATGCCCCCGAATTACAGACCCTGCTGGCTGCCAGTAAATA 7 7 4 0 
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7741 GGTAGAAGGTCACACTTCCTATTGTTCCAGGGCCTGCTATCCTGGCCTAAGTAAGATAAC 7 8 0 0 

7 801 AGGAAATGAGTTGACTAATCGCTTATCTGGATTCTGTAAAACTGACTGGCACCATAGAAG 7 3 60 

7 361 AATTGATTACACATTGACAGCCCTAGTGACCTATCTCAACTGCAATCTGTCACTCTGCCC 792 0 

7921 AGGAGCCCACGCAGATGCGGACCTCCGGAGCTATTTTAAAATGAT7GGTCCACGGAGCGC 7 980 

* 

7 981 GGGCTCTCGATATTTTAAAATGATTGGTCCATGGAGCGCGGGCTCTCGATATTTTAAAAT 3 0 4 0 

3 0 41 GAT7GGTTTGTGACGCACAGGCTTTGTTGTGAACCCCATAAAAGCTGTCCCGATTCCGCA 810 0 

3101 CTCGGGGCCGCAGTCCTCTACCCC7GCGTGGTGTACGACTGTGGGCCCCAGCGCGCTTGG 3150 
9161 AATAAAAATCCTCTTGCTGTTTGCATCAAAAAAAAAAAAAAAAAAAAAa. 820 9 
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Figure 4 . 

The same nucleotide sequence as represented by bases 52 60 to 8 210 
in Figure 3 is also representative for this Figure, with the 
following changes : 



ir OS 1 u 1 on 


Change 






G-T 




5341 


C-T 




5351 


C-T 




5353 


T-C 




5356 


C-T 




5426 


G-A 




5464 


Insertion 


AGA 


5607 


C-T 




5638 


C-T 




5792 


T-C 




6191 


Insertion 


AA 


6253 


T-A 




6255 


Insertion 


A 


6900 


C-G 





Such nucleotide changes result in the following amino acid 
changes in the ENV polypeptide. 



Position 


Chancre 


7 


R-W 


192 


R-K 


193 


Deletion 


194 


Deletion 


197 


Y-Q 


198 


S-E 


199 


K-N 


200 


V-I 


201 


D-Q 


204 


Y-I 


205 


E-N 


206 


Insertions: G,M,S 


206 


L-W 


208 


N-I 


209 


s-v 


211 


L-Y 


212 


L-K 


427 


F-L 
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£ icure 3 



SFV-3 
SFV-1 v/52.5 
HSRV ^ - 



PoEV^ 
GALV , , SaEV 

---^^ MuLV 





t U /C 



MuLV murine ieukaemia virus 
FeLV faiine leukaemia virus 
GaLV gibbon ape leukaemia vtrus 
SVV-1 simian foamy virus 1 
SrV-3 simian faamy virus 3 
HSRV human foamy virus 
3LV Bovine leukaemia virus 
HTLV human T-C3!i leukaemia virus 
MMTV m.urine mammar/ tumour virus 
MPMV Mason Pfizer monkey virus 
HSV Rous sarcoma \/\riis 
FIV feline immunodeficiency virus 
HIV human immunodeficiency virus 
ciAV equine infectious anaemia vtrus 
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PPT I U3 OCT-1 c-Myb LyF-1 E47 

1 AAGAAGTGGGGA ?^TGA AAGGATGAAAATGCAACCTA.q.CCCTCCCAG^^ 

ETS-1 AP-4 

5 i CAGGAAGTTAATAAAAAGCTCTAAATGCCCCCGAATTHCAG ACCCTGCTG 

NF-1 AP-1/TR 

101 GCTGCCAGTAAA.TA GGT AGAAGGTCACA CTTCCTATTGTTCCAGGG CCTG 

ETS-1 /G ATA GATA ET3-1 c^Myb AP-1 GATA 

151 CTATCCTGG CCTAAGT AAGATAAlCAGGAAATGAGTTGACTAATCGCTTAT 

E47 AP-.1 

2 01 C T GGAT T C T GT AA AACT GACT GGCA. CCA.T AGAAGAAT T GAT T ACA.C A.TT G 

AP-1 AP-1/GATA c-Myb AP-1 

251 ACAGCCC T AGTGACCTATCTCAA.CTGCAA.TCTGTCACT GTGCCCAGGA.GC 

E47 ETS-1 CCAAT 

3 01 C CACGCAGA^TGCGGACCTCCGGAGCTA TTTTAAAATG ATTGG TCCACGGA 

GATA ^ CCAAT ^ 

351 GCGCGGGC TCTCGATATTTTAA AAT GAXTGG TCCATGGAGCGCGGGC TCT 

GATA CCAAT^ AP-iyCR£S 

4 01 CGATATTTTA ^AAT GATTGG TTTGTG.ACGCACAGGCTTTGTTGTGAACCG 

TATA U3 I R 

4 51 CATAAAAGCTGTCC CGATTCCGCACTCGGGGCCGCAGTCCTCTACCCCTG 

PADS poiyA 

5 01 CGTGGXGTA CGACTGTGGGCCCCAGGGCGCTTGG AATAAAA J^.TCCTCTTG 

R I U5 

55t CTGTTTGCATCAJ^lGAXCGCTTCTYGTGAGTGA.TTTGGGGTGTCGCCTCTT 

U5 ! PBS 

601 CCGAKCCCGGACGAGGGGGATTGTTCTTTTACTGGCGTTTCATTTGGTGC 



5 1 gttggccgggaaat c c t gc gag c 
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I hereby stats that I have reviewed and understand the contents of the above-identified specification, 
including the ciwns, as amended by any amendment le&ned to above. 

I acknowledge the duty to disclose information which, is material to the examination of this application 
in accordance widi 37 CFR § lJ6<a). 

Vnnr FnrerCT Anrlicatinnfg^' T herehv glaim frtresyi priorrtv benefits mider 35 USC § 119 of any 
foreign a{^Hc3tiQn(s) &r patent or izcvcator's certificate listed below, and have also identified below any 
foreign appHcaiion for patent or inventor's certificate having a filing date before that of the applicadon on 
which priority is claimed: 



















"Day/^efiaxthrtfaar Fikd "j 


Priority Claimai 


GB9608164.1 


GB 


19 APRIL 1996 


[xlYes [ ]No 


GB9702668. 6 


GB 


10 FEBRUARY 97 


[x]Yes [ ]No 








[ lYes [ ]No 



I hereby appoint 



Donald W. Muirfaead 
BcdiE. Arnold 
MachewP. Vincent 
ChariesKCella 



JoimCGcredd 
Edward J. Kelly 
SaycJco Blodgett-Ford 



Reg. No. 38.471 
Reg, No.3S,221 
ileg.No.P-W516 



Reg.NQ.J3,97S^ 
R^-No,J3,430^ 

8fig.No,46JQa. _ 
Reg. N o. 38.099 

of the Patent Group of Foley, Hoag & Eliot ix? nxy attorocys and/or agents to prosecute this application 
and transact all businesstin the U.S..Patent aad^Trademaik 0£5ce osinected therewith. 



Send Correspondence to: ' Pa tent Group r 

Foley, Hoag &EIiot u-p 
One Post OfficeS gjgg 
- . Boston, MA 02109 



Direct Tdepbone Calls to: 



Matthew P. Vincent, PhJD. (617)832-1299 



I hereby claim the benefit under 35 USC §120 of any United States applicaticii(s) or any PCT 
international appii ratTon( 3) designating the United States of Amenca listed bdow and, inso^ as the 
subject matter of each of the daims of this applicadkm is not disclosed in the prior United Scares or PCT 
international application in the manner provided by 35 USC § 112, first paragraph, I acknowledge the duty 
to disclose material infermarion as defined in 37 CFR 51.56(a) which occurred between the filmg date of 
the prior application axsd the narirnal or PCT intemationa] filing date of this application: 



U.S. Application Serial No, 


U.S, Filing Date 


Status (patented, pending, abandoned) 















I her^y declare that all statements made herein of nay own knowledge are true and that all statements 
made on infbrmaticn and beiief are believed to be mie; and fiiitber, that these statsments are made with die 
knowledge that wQ&i &lse statements ar^i the like so xnsuic are punishable by fine or imprisonment, or 
both, under 18 USC §1001, and that such TOilfoi felse staiemeats may jeopardize the validity of the 
2^plicaticn or any patent issued thereon. 




Full name of aeccndinTOite: CHRISTINE HAWORTH 



Ihveataf'3:3ignat2i£e: 



Residence Address: 139 MARLBOROUGH AVENUE, BROOMHILL, GLASG OW Gil 7JE, 
UNITED KINGDOM S 



Citizeaahip: 



BRITISH 



Post Odice Address (if different fern abcve): 



Futtnamcafthndinvcnfioi: GILLIAN MARGARET LEES 



Biventoc's signamre: 



Residence Address: 



5 KIJ^VALE DRIVE, NEWTON MEARNS , GLASGOW G77 5HD, 
UNITED KINGDOM &6Y 



Citizenship; 



BRITISH 



Post Office Addicss (if different from ahovc): 





Full aanic of fourth in veaton KENNETH THOMAS SMITH 






Rcadcace Address: 5 KIRKVALE DRIVE, NEWTON MEARNS , GLASGOW G77 5HD, 
UNITED KINGDOM S^S^ '~ 


Citizensfaip: BRITISH 




Poflt Office Address (if diHetent from aix>ve): 





